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such as the DCS are given along with some of the procedures to identify, isola te
and quantize the difficulty.

The use of Automated Tech Control (ATEC) hardware is demonstrated to portray
the capability offered by an automated sensing assembly and selected printouts
are pr ovided to clarif y these examp les.

The ra tionale is g iven for the approach selected and the impact is presented on
the opera tional , organizational , analysis , software , hardw ar e, and order—

4 wire activities of the Air Force and DOD. )
The SYPAC concept is a communication sy,~~~m control approach where the control
mechanism derives its instructions fresn processed data based upon performance
assessments :  - -

a) Of a few selected paz~ameters that represent the integrated performance
of a large number of devices .

b) At convenient central concentration points that also minimize mainte-
nance and operati~si’ál per sonn el.

c) With minimum required automated assessment instrumentation .

d) ~Conducted in—service.
~1

e) That are non—interfering to customers.

f) Followed by automated assessment , da ta reduc t ion , analys is , and report-
ing includ ing lateral and vertical orderwires .

g) Resulting in appropriate controls exercised through control mechanisms
and downward orderwires to impose any needed adjustments or restructuring .

‘ 4
The SYPAC report (and this Executive Summary) is written in nonscientific terms
so that high level managers as well as working level p r o g r a m m e r s  and staff
agencies can quickly grasp the approach and intent .~~ Tlius it can be used as a
general policy guide to management and staff action Tkt all levels . Certain
portions may be overl y detailed for those people who h~ve in—depth knowled ge of
the Air Force or the DCA Performance Assessment Programs , but in general it is
written for all people who operate , manage , or maintain tile DCS er equivalent
tactical communications .
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PREFACE

This e f fo rt was conducted by Mr .  R . L .  Feik in association wi th

Georgia Institute of Technology under the sponsorship of the Rome Air

Development Center Post-Doctoral Program for Air Force Communications - 

-

4 Service. Mr. T. Yium of the Operations Research Analysis Office of

Headquarters Air Force Communications Service was the task pro ject engineer

and provided overall technical direction and guidance.

The RADC Post-Doctoral Program is a cooperative venture between RADC

and some sixty—five universities eligible to participate in the program.

Syracuse University (Department of Electrical and Computer Engineering),

Purdue University (School of Electrical Engineering), Georgia Institute of

Technology (School of Electrical Engineering), and State University of

New York at Buffalo (Department of Electrical Engineering) act as prime

con tractor schools with other schools par ticipating via sub-contracts

with the prime schools. The U.S. Air Force Academy (Department of Electrical

Eng ineering ) Air Force Institute of Technology (Department of Electrical

Engineering), and the Naval Post Graduate School (Department of Electrical

Eng ineering) also participate in the program .

The Post-Doctoral Program provides an opportunity for faculty at

participating univers i t ies  to spend up to one year full time on exploratory

development and problem—solving efforts with the post-doctorals splittinq

their time between the customer location and their educational in stitu tjolli .

‘the program is totally customer-funded with current p r o j ec t s  being undertaken

for Rome Air Development Center ( RAD C) ,  Space and N1 i ~~s il e  Systems Orqani.~.lt ion

(SAMSO) , Aeronautical Systems t)ivision (AS!)) , El  e, -t  r on i  p *~~‘ V l  TP . 1~~I V~
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( ESD) , Air Force Avionics Laboratory (AFAL) , Foreign Technology Division

(FTD), Air Force Weapons Laboratory (AFWL) , Armament Development and Test

Center (ADTC), Air Force Communications Service (AFCS), Aerospace

Defense Command (ADC), Hq USP.F, Defense Communications Agency (DCA),

Navy , Army , Aerospace Medical Division (AMD), and Federal Aviation

Administratior. (FAA).

Further information about the RADC Post-Doctoral Program can be

obtained from Jacob Scherer, RADC/RBC, Griffiss AFB, NY, 13441 , telephone

Autovon 587—2543 , Commercial (315) 330—2543.

The author wishes to thank the many officers, airmen, and civilians

of Air Force Communications Service who have assisted in performing the

assessments and network evaluations needed to develop and prove the

System Performance Assessment and Control Concept. Special recognition

must go to Capt. Jacques Lemelin and CMSgt. Russell Miller for their special

system testing efforts with the ATEC hardware at Croughton , England . The

author wishes to thank Mr.  T. Yium of Air Force Communications Service f or

his in-depth and continuing support and suggestions all through this

e f fo r t . 
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I. Introduction

In ~0~~1 AFCS ( r lp er at  l on u  Research ~el ’or t  5_ _ t i j . ’ R _ - 1 V 7 )  j d V n t  i f  that t i ,

h t V u  e x i s t i n g  “Manag em e n t  ,V ( _ onp e I , t  and t 0, 11 11 1,~ I i o ’5 , , l I t , l  e lj u i pm e l I  t f o r  10 111  I ~t i

of n o t  w o i k H  and  sys t  em~ - , evaluation 0 1 p e r f o r m a n c e, m,t an a iy ~~i s

st-rv ic e,;, hav e not k,-j’t t’aco ’ wi th all other system implementation t o t  iou~’ ...

tech con trol  as ,V on c ej v e d  (at that time ) fails to accomp lish (its)

primary role and to i is to provide continuous real time s y ut  em

opt imi za t ion. This t- epo~- t ~l esct i d i  con~ ’o’pt  for Semi —A u t ‘n i t  i oiq Tech

,ott trol t o t  Coflifltunic0it ion t ap  iii t i o u  (SATEC ) . The three s~ V t ~\~ j ~ V ( I ;  1 1  t o ’e l

on this ~‘~~lu1 - o ’p t  and DrA assumed management of ,on over t 11 ,levo I ,opnlent

program t iw~i rd ~ATt-:C qo.i is. The l iar dwa re f rom t ii is dove 1 oj ’nlen t et  t

(Ocr onvrn o ’t  ATEC — Automa ted Tech C1 ou t  rol ) i s now i i i  t i t i d  ~o ;  in Eu t~~°j ’ ~ 
-

The SATEC concep t  W I , ;  f u r t h e r  dove loped and ref  i ned Dv t to ’ au t  her to

I n o er p o l I  , i t  o ’ I l t ~ r ec u  I t of a number of special studies and ch a ra ct  ‘i i i~ot ion

et f o r t, ;  i n , ’ I tiding t~coIoe ~ r o ’e k tot the transmission media and ,I oj  i t

A u t  , o u o ’vo, om I-:va luat ion rroqram f o r  t h e  Autosevocom ne twork  V U 1 I I  o t t

En~’otnpo t O o ’- I in t hes e  assessment  measurements was much broad I \V l V  1 i c,i l’  l e

1 1 1 , ‘ I n i I t  iO f l  00110, 1 H u t  t o ta l  ovutem i s su e s .  AFCS examined t I t o ’ d a ta  I I  on

t ! I O V O  l ’ l ’ ~ °t I a l n s  t o  i, r , o t V o  p r i n c i j ’ l  t o  and I V O I I , V 0 V I V I  O j  I D o l  ,,‘il , l t o - .I}’pi 5001

0 improve f ielII rop. -I - . It  i t ’ l l , .  There W e t o ’ a flumbelV of ,‘lis’;,”; 1 ’t 1 - b i t ;

V t o r i  ved I h i t  pros’ i 010 0 ,1 l i i i I I ‘ 4  l i t  l O I n s  t o  t Do - t i ~ I one 1 - ; , I ho V I V I - o  1 - n  V

m a o  i t t  o n , i l t , ’ o ’ ,10 Io ’llc t o ’ , - , an d  t h e  V I VA . .t I l l \ , t o o  I V I O ’ V l O  ~~~~~ 0 imp I , V i I O V I 1  o - I

w i t  I I I  11 V o  V o ; I ‘V i 0 T I I V  V I I 4 , V - 5 ,  l I n t - I ,  - , I S O  - t o ’ t  - I - - , 0 “I i t t i  1 1 1 1  I ‘ V t

1- 1 

V
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DCA for  a l l  three services. Some of the better known programs include the

Link Assessment Program (LAP ) now called Performance Monitoring Program

J (PM?) by DCA , the Autosevcom Network Assessment Program and the Tracals

Evaluation Program .

The various assessment e f for t s  have also provided much addi t ional

ref inement  to the conceptual grasp of customer service assessment and

control.  By 1974 much data had not only been assembled and analyzed from

results of these evaluations and assessments , but also there had been

considerable opportunity to evaluate , to exercise , and to experiment with

the hardware implementation of ATEC as ins ta l led  in England for f i e ld

tests. This accumulated data and experience was analyzed to form the

substantive foundation for the sequel to SATEC . This advanced -

called ~~~stem Performance Assessment and Control ( S Y P A C ) ,  con siders  in

greater detail than did SATEC the customer service — the network -

aspects of the system . It fu r the r  addresses the noncomitant  and

requisi te actions needed to assure control of the en t i re  system.

Therefore , the SYPAC concept is intended to be tha t  coherent , i n t e g r a t e d

approach to Communications System Performance Assessment and Control

suitable for use in the DCS.

ATEC has been referenced numerous places in this study. The ATEC

measurements portrayed are the actual assessments and printouts as

presently provided by the hardware. ATEC is in theory, and also in real

life, the first partial implementation of the SYPAC concept. The ATEC

concept was designed so tha t  the bulk of the assessment and control

- ::~~ir’~ ~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I-~~
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activity could be accomplis tlea  by a j 11p1t~~1 computer and so f tware .  This

approach was selected because of i t s  f l e x i b i l it y , A processor can toe

r ep l i 1 - o ’b by another with faster processing ;p’~’d or b 1, l o i o V r  r n , - n i , o r v  -

Pro,’es~~inq can be ei ther  - j t r al i ze d  or d e c e n t r al i zeo l , and of course t i ; ,

computer so f tware  call t~ modif ied , conver ted , expanded or new elements

added a t w i l l , but the basic structure remains. SYPAC retains the same

ajop r od ctt -

Starting in 1071 , the M”CS testing of ATEC in the field c-hanged from

rho ’ box Dv is’S aI ’ t ’ roa cl t  pursued as required under  the development cont rac t

to a bas i ca l ly  sys tem—oriented  t e s t i n g  predominant ly conduc ted by

personnel  at HQ IIF’CS and the Crouqhton Comm HrociI’ in Eng land . These

thin line system tests conducted in depth have covered much much more

t i t an  simple backbone s t ruc tu re  assesSments  and t I V I S O ’ do ’s, ; st r , it , ’,b

applicability to the networks and to  the ent i re  system .

PFCS ATEC system testing , in addition to viewing the backbone radio

l inks , also assessed the t a i l  oaths to the base manua l  pr i vat e  b ranch

exchancte ( P B X )  and later to selected customers within the base plant.

It was straictht-forward to measure the idle channel noise and other

selected parameters that  i nd i ca t ed  the  cond i t i on  of the ha,;,’ cable p l a n t

,I l t , l  the base communica t ion  s t r u c t u r e  as a w h o l e .

In order to form .a better basis for the SYPAC total system performance

assessment and control concept , many n e t w or k  sy st e m  t e s t, ;  were conducted .

ATEC was able to detect and ,tss,’,;;; many prob lems in I tie tout networks

addressed — -  t t t o ’  MJTODIN ne twork , t he  AI ’I\ lyi ’N network , I I t , ’ W ,’ , l t  t o ’!

1—3
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dissemination network , and a dedicated voice n e t w o r k .  Again , these

problems were detected in—service with no awareness of faults by the

tech controls or manager.tent struc ’ cc. A point of great interest ,

from a system control standpoint is t i t e  e i , ; , -  w i t h  which  the automated

sensing could be used to measure these network d i f f i c u l t i e s, in-service.

There are many critical and salient signal signature parameters which can

be sensed to assess the network performance and to predict trouble of

th e network and to warn as certain f a i l u r e  th  rev holds are approached in

each network.  A n umber of parameters have been iden) if  ied and tested , but

have not been automated into ATEC sof tware .  However , t h o -  Pr i n c i p l e  of

in-service monitoring of networks has been e s t a b l i s h, ’ : .  SYPAC was

conceived fo r  e f f e c t i v e  assessment and control  of the common backbone

structure , the tail links , and the air base complex , and appropriate

sensing , processing and control of meaningful parameters of the

dedicated and switched networks.

The origina l expected goal of SYPAC implementation was to be

increased performance of the already installed plant and the associated

cost avoidance for overbuilds; optimum performance of all new p lan t

inserted into  the s t r w - D  i t - ;  a r i d  increased tort orman ce a r id  0a 1’V t b i  I i t y

for  networks w o r l d w id e  -- r es u l t i n g  in )l or , l t i on a l l y  acc ept ab l e

cust omer i t ’ r v l c;o’,i .

A concomitant SYPItC goal added sinre SATEC is to  reduce the number

of potopie enqoa o~ o ’ V l  in  the total , I , V t  i v i t i l u  of t i p o - r a t  ing , m,l i i i t  l i n i n g , i t td

man ,’ll ng the communi - if ion str lit Vturp . TIto’ ‘r Imp OIV ingli ill rer soltilo - I

—. I ‘~ i — I

~ 
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w i l l  not come from any one f a c i l i t y  or o f f ice . It is c e r t a i n l y  in e r ro r

to view ei ther ATEC or SYPAC cost e f fec t iveness  solely derived from

tech controller personnel reductions. The dramatically changed reporting

procedures, central ize  anal ysi s, focused maintenance and command action ,

the capabi l i ty  to control an area operation from the automated reports

available at  h igher  levels , all work together to O t a i q e  p e r ;  t i t l e  I I t t t  I l l

and qua l i ty  requirements , all throug h both the serv i ce i~ t .M comma nds , and

DCA.

F ina l ly ,  and as an inteqra to ’tt t i -  - of 1, 1 0 0 1 1 ;  a l l  SYF-A( ’ ‘ h I V I I t - 1

the communication network comt I V X o S wi l l  I’. - o t  - - of o t b , ’ i v ’

r e s t r u c t u r i ng in cast ’;  ‘ V t  s t  r i - - - or so  l i t  o t y  i III. T hi s  t h e n  - 0 1  i - - lu re

that the networks fo r  command ~~~~~ 
- , ,w  V .-. i  I l  , ,c’,’i~~e i 1- o t t o  i -  I h o - r e

is any significant connectivity ,it t ’ t ~t ‘~~ V k V O , r o  r em~ P I l l

The evaluation of ATEC to l , i t o  has t o o ’ cop a - ‘ r ’  ‘ t V’~~ ‘ avision

Multiplex — Frequency M i i dj i  l o t  i t ’ l l  (FDM—PM) it t - b  o I i ’ ’  i t r i t  j r  - a n d w i t h

di gital traffic i n t r t ’b u c o ” l  by modems. Soon ‘ 1 , ’ -  S0 I I t ’  w ;ll l l l V t O t i t O V  a

mix of analog and di g i t a l  equ i pm e n t  t icos ’ o - ’ .’ o - r , t i -  b a - ; i c  I u t i - - t  i o ns of

ATEC will not chanqe in the least , even when t t to ’ i t ~ t i l t  ital wo r ld

arrives. The ATEC now has analog to digital - ‘ , o t ; v o r t o - r  t , V  ;r o ’vo vt tt to ’

analog data t o  the  computer in an appropriate digita l form f o r  m , I n i ro u l V o t  O t t .

In the future , ATEC will need to add only digital t o  ‘ l i ’ t i t , i l  ;V ior t s o o r t o t , ;

or di gital to analog i ’ttrt vo ’rt or; ;  to a-’ o rnt o,l,i t 0~ l i t i  i to  I equ i pment  . The

added sensors or sui table  p e r f o r man ce  i nd j c , i t  or, ;  can lo , -  an (I t t o -qr,i I I I t  ¶

of the b , i , ; i t ’  d i g i t  i l  e q u i p m e n t , or a t l o ’;t I t o  t I t o ’  t-;yut em ; - t  t i l t ir e , h u t  i t t

-— ‘ -~~~~~~~~~~~~ - - V -  ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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any case represents a small cost. The prerequisite to conversion to any

future configuration entails only identifying the proper parameters to

be assessed and modifying the software to meet the needs of hybrid or

digital systems.

The conclusion then is that ATEC h o t - i  already demonstrated the

validity of all of the major basic precepts and concepts of SYPAC , and

thus has opened the way for rapid transition to a fully optimized and

controlled DCS, and minimum total system cost.
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II. System Control Consido ’;ations

A. Definition of System Control

All systems, including communications , are composed of subsystems

and component elements with many variables and adjustments. The

communication equipment hardware is a variable and is a function of the

original design , the production quality control , the installation

suitability , the maintenance effectiveness , the operational conditions ,

and the type of service demanded . The hardware is intimately interfaced

w i t h  humans in many places —- obviously components wi th  hi gh variability .

Any human involved as a maintainer or operator can degrade or disrupt a

part or much of the total system. The customers themselves can distut I

their own or the services of others. Thus , action is required to correct

any disturbance and restore acceptable effectiveness and stability to

the sys tem.

System Control, then, is defined as the continuing adjustmen t of

all needed elemei ts of the total system to assure proper operation of not

only all the hardware and software elements, but the total system; while

constraining users the minimum amount necessary to protect the ri g h ts  of

all customers. A prime f u n c t i o n  of C o n t r o l  i i ;  to a b s o l u t e ly a s s u r e  t h a t

~~ j h tt 1’r ior i t y  user ’; y ou , a t n e ce s s ar y  t t m e s , communicate u~; ro - -p oired ,

but  at  th e  m i n im u m  ~‘xpen ’;o ’ ; -co ’- ;s~Iry f t  lower p r i o r i t y  user ; ,

t o  r t  a i r i l y ,  no , - o o r t t r o l  should toe ‘xo ’it ’ts o’ ;l when i l l  i t ; w e l l , i - i t t

o pel  I l y o l o v t t o t i - ; l y ,  con t r o l  l t t l I ; l t  110’ g ’~’l i o ’ t l  when i ’It ~~rt ’i o v are I t ’ , ’ , t o - b ,

2 — i  
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Inferentially this presumes that before any control is exercised to

provide the optimum performance, the s ta tus  of the system to be controlled

is known . The knowledge of the system status presupposes the ability to

measure and quantify the key parameters descriptive of system operation .

AFCS has worked for the last eight years on a broad spectrum of activity

der iv ing , r e f i n i n g ,  and f ield proof testing parameters that  describe

system status. These studies generically are called “Performance

Assessments.”

The performance assessment parameters thus far selected wore

intended from the start to form the input data for total system control.

The SYPAC report is a discussion of much of that work, and describes a

System Performance Assessment and Control concept based upon proven

performance assessment results. One salient goal was kept in mind d u r i n g

the SYPAC formula t ion .

Peop le are f r equen t ly  f a l l i b l e, and they do not integrate

e f f ec t i ve ly with hi gh speed automated control mechanisms. Thus th e

SYPAC concept minimized the human serial participation in all system

control activities where feasible. This concomitantly reduced the

number of people required to operate and maintain the system and provi b o ” -

associated cost savings.

B. Performance Mar9in

Performance marg in is I I t , ’  t e r m  i~ o ’ tl I h i r o t t i h t o t o t  t h u s report t to denote

a ‘ t o r t i ’ o ’ j t t  r o ’ i , i t iv o ’I y new t o  c;ommtiriji ’at ‘ i , - ; . A homey ‘ x , i m t , I o ’  m 1tv be

~~~~ Il~~ - ‘ 
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useful to illustrate the performance margin notion . Suppose a new

car can deliver 35 miles per gallon (mpg) when properly tuned . Later

the car will degrade and the mileage may drop to perhaps 25 mpg, yet

even then the car may start and run acceptably -— if the weather is mild.

The performance capab i l i ty  has truly degraded , but may not be recognized

unless miles—per—gallon records are reviewed . If the weather , however ,

turns cold , the car may not start even with a good battery . At the

no—start point , the fact t ha t  maintenance is needed is obvious . Some

people w i l l  blame the weather , but  the basic problem is clearly la ck of

maintenance. Operational needs cannot be met , so the performance marg in

is zero. Had the driver of the car made assessments , h e cou ld ha ve

observed the per fo rmance  degradation and acted appropriately as the

mileage dropped below 3~ mpg .

Let’s assume that the car owner takes his  ca r to a t t , i l , ) V t t ’  O t i l l

u pon comple t ion  of the repairs f i n d s  h i s  m i l e a g e  is 1 ( 0  mpg . 110 would

know that  alt  tepairs  lt ,yi  not beep made , no mat f o r  what  rta ’i r t t  alIl er

pro tes ta t ion  he may be g iven.  A r o ’ l a i r  job t h a t  r o ’ v t , ’ o  o -  14 . 5 mpg i - ‘ a

good one . The owner  w i t h - i i n i t i a l  0 - 0 ’  t~
O , o o - m, i t u t .o V l I t  - l  I l I o l  1 0 ) 0 0 , 1  r o  ; t - I , ;  - v e t

know e x a ct ly  h i s  performance degradat  i on .  Th i  -i  wi  I i  ‘ 0 - 1 1 1 1 ’ h i m  ¶ -

h i s  car ar t d  t i ,  t o o  ,~I, ’t j oltS l i i i t w i l l  it1 ,~~. o t o  - i t t - n . ,.-

I t , i  z ar it ;  of weat er t ’~~~t r emes.

Th i ; ;  i l  ‘ - o ’ t  p o t  b o r t ’ t , i t l , ’ t flt,~~t ‘ 1 1 11 - l i t - I  o h  t o  r o I , o~, link is

-~~uy to ‘ I r a n ; ’ . When a t - l o t  j o o l i n k  i~ - l ’ s t ’ ; r t , - I , TO , ’ 1(1 ; ) , o  ~~~~~~~~ rio , 0 -

2—
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signal is provided to the receiver than the minimum required . This

excess signal is intended to permit acceptable operations when heavy rains

pass through the radio path , or when temperature inversions cause the

signal beam to wander off axis. Each of these effects can sporadically

induce signal losses of 30 db or more . Maintenance thus can be authorized

only a few db. The 40 db performance margin must be maintained even during

relat ively norma l periods between these pr imar i ly  weather-induced

phenomena. Maintenance personnel often permit the adjustments to drift ,

the receiver to desensitize , the transmitter to lose power , and the

electronic componentry to get noisy. In fact the users still get quite

acceptable service , even though the radio equipment is badly degraded ,

of ten 20 to 30 db (100 to 1000 times) too noisy . This poor maintenance

does not really cause operational trouble until a 30 db ra in  storm , or

a temperature inversion arrives , end the remaining performance marg in

is inadequate. Tl~e 20 db equipment degradation plus the 30 db storm

deterioration add arithmetically and exceed the 40 db performance marg in.

Since i t  i t-i obvious t i ’ v o ’ r y t ) I i i -  t h a t  i t  is raining , t h e cons ul i t o t  t ’ o t I S

outage is incorrectly a t t r i b u t e d  to propagat ion.  Yet had the t t i a i t t t e t t , i I  i , - ,-

been adequate , t he  rain would have caused only a slig ht drop i n  qualit~

but the system would have provided acceptable service all throug h even t h e

d e p th  t t f  t he  ,-, t n rm . It it ;  t i ’ t i o 0  t ha t °° t l i t ’  more you work on I I t o ’ eqtli~~oment

the is’ t t or I t o  - weat  t i o ’ i  ‘ p t  .

° I l t t i :  O l j  -
- 

if  t i t t ’  ~ °i i t l i ’ ‘ h o ’ m e i i t -t ‘ t t  ~~‘ ~Y i ’ A (  L’OrIcCj Ot U- t V O O t ’. sPs S

f h o ’  j ,o ’i t , r n t o t t , o f ¶ 1 1 - \ ‘ ‘ o i O  Ill I I 1 t  I l - i l l l o t  t l t o ’  t~~i h i  i ’ , ; t - t t t  1’ , ’ r t~~o r r t t i r t , - o ’  

--~~ —--— -—~~ - - -
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margin is retained for use and protection during real emer9encies, and not

permit this margin to be frittered away by inadequate maintenance , by poor

operation , or by ~men]ightened management. This approach preserving the

performance margin , concomitantly but as a subordinate corollary , I1ov i ,lt ’s

premium performance of the communication system. Some managers and

technicians question the efficacy of keeping a system at peak per formance

at all time , question whether th is  is cos t—effec t ive , wonder what real

harm comes by permit t ing the performance to drop 10 to 15 db -- after a l l

the customers still have quite acceptable service -- quite like allowing a

‘ar to degrade , and then blaming the weather when the car won ’t start.

These personnel have failed to recognize that the issue is not to keep

the quality of communications at premium operation for normal period s,

but rather to keep the performance margin at the link orig inal design

level so that  the l ink  performance w i l l  be a t  least at an acceptable

level during times of envi ronmenta l  stress -- so that the car will start

when i t ’ s cold.  A r equisi te  condition , to assure that the performance

margin  is retained for use d u r i n g  real  emergencies , is t he iltcorl’ ttrotion of

a workable  technique to measure the actual  l ink  performance level .  Such

performance  de te rmina t ion  is a l ready  being accompl i shed  m a n u a l l y  by t he

l)CA Performance Monitoring Program (PMI’) on the microwave , t ropo ,

undersea cables , and other wide band e le m e n ts  ,il thoug h l i l t  1~ ’ ana l~ ’ ;; I t t  or

use of the data r e su l t s .  Another r e q u i s i t e  is a d e t e r m ij o a t  ion of t h e  1, 1 ; ;  i c

• l ike tit °W ‘ performance of arit1~~ro1 , ~nd ci’ i t 0 , 0 ( 0  t o  d~~c ide 110W much , l t ’o i i  I I  ¶ 1 ‘11

he permitted i t o ’ t  t o t o ’ h - l i e u  1111k po’rformanc~’ t i e  ‘ t i n  is I t r e a t  o u s t  

---V——- —. ——— ~~~~~~-— ——
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This ‘like new ’ characterization and threshold determination is one of

the desired output of the DCA Technical Evaluation Program.

The fu l l  explanation of performance assessment as applied to the

wide band elements and the networks that are spread over the world is

covered in detail in the SYPAC study.

C. Management

There are several schools of management. The one most widely quoted

by mi l i t a ry  managers is “Management by Exception ”. “Management by

Exception ” even more than other approaches , however , requires not only

sensing those critical parameters that indicate that the system to be

managed is not operat ing correct ly,  but also an u n f a i l i n g  reporting

structure, wi th  appropriate processing and action on reported date at taci t

level where management and corrective actions arc required -- in other words ,

n o t i f y ing management that an exception exists .

SYPAC has as its goal the full management of a communica t ion  s yt ;t em ,

including the sensing and reporting of system status and Cont r o l of

all cr i t ical  system e lements .  The SYPAC goals can be summarized as

prov iding management the answers to the questions :

Is there a problem ?

Where is the problem?

Is there an adverse trend within the system?

Then , based upon this information :

Control correction of t i t o ’ ioh ’ I it i f i c d  problems

be f o r e  failure i t t  oiiy ope r i t i 0) 11, 11 So 1 v i  0 ’ ’ .
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Res t ruc tu re  the system ti meet chang ing

operational requiroments.

Evaluate the effectiveness of hardware , and

operation and maintenance throughout the

system.

These very simple goals now are placed in a true system s context .

Thus for example, ‘Is there a problem?” means is the performance margin

degraded such that multipath , rain , heavy fog, or temperature inversion

would produce unacceptable communication service. “Is there a problem ”

can no longer be an administrative query whether there are any customer

complaints. A customer complaint means that the~~ y~~tem has al~~~~~~

exceeded the entfre perform~~~~form~ nce marg in .
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I I I .  Tile SYPA C t ’on c c t t t U a l  AlIproachi

,\. Past

In the past , there was lit t~ lo t technically oriented management , and

even tha t  was predominantly focused on the performance I t ;i;t i ‘.‘ idual

electronic boxes. The assumption was placidly made that if all of Iii, -

boxes operated somewhere near the Tech Order specifications , t~~t o ’ i t  the

system, assembled from a l l  of these boxes , must  01  rteco’o ;oity ,o l ;, ’ ’ o I ’ o - I , I t ’ -

accep tably. There are several basic .11, 1 f,it ,ol flaws I t o  t h i s ’  o u } ’ o -  t f i t  i ,o

logic.  Tile d e v i a t i o n s  of the i nd iv idual  box j - ~i ra f l t o ’ t  o ’ t - - a u ’ - t o u m u l , o l  i v o ’t y

arid at op rop r i a t e ly  j o l t  egrated to des t roy ‘ ; y ; t  o tl i  , t 1’t ’r at  b i t  t~~nce t i r e box

I 0 0 0 r f 0 0 0 n , I t co - l i m i t s  w o r e  a,; ; j a n 0 1  Wi h -h no system framework in m i n d .

t o - i -  is , i l ; i ,  I t o  t r a c t  i , : , i h  impediment ~o t  assemblinq tile t o t , o t t : i , o t  i t o t  0 ) 1 0

l i t  o r a l l y m i i i  i , t u t , , t o f  1ooOXO ~ t , l i , ,  t l t r t o t ’ o’ s s i t t l r  h-lie rr ’ u i l  altO W o O  .o t , ’  b o o t s  a

mea t l i l l , u t  ul - 0  t I  t i -  “ ‘ 0  1 c l v i i  upon which oty - I t os i t  ,itUS can t o o  der i i ’ , I

appro~ o r o  . ot e  i t  io ns c,itt to , n o t o , i o ’ , It  t o ,  i mmo’d i a t  o ’ t y  e v i , t t ’ o i t  wh y 110,0 t : , l u o ’ tn , - t t

i l l ’  o ’X V  0 4 ’  l ion was cc I t t  o ’ t  t o ,’ t h e  . ,, t;o m ttli it.If ions t’OIrIm olIti t o,’ t t  t, ’~~ , ’ , , o t o l ~ l

Ito no t o t l t , ’ t  I i t t  pro~ - t.j ‘e , - o, t , unt t t t t t - ,ltion management i t , o v , b , - . t i - I  , - 0  t o

“management wh o ’u ¶ ‘0 . 1  i v  - u t  ‘ 110° ’’  t ’omplst : 1 0 0  t o t  to o,’ l i i i  t i c ’ ,~~? ’  t o t  l i i i ’ — —

in I ,‘,- I i t ;  i t - i l  i o u  to t - , who’n t i i o ~ i c u  ,‘! u i t a t t , - , ’ m a r q i n  u - o - , o - l  t o  ,1, ’i - o

B. SYI°AC

In  t o - foil i i i ’ ’  an ‘nt i n  ‘I v  t o w  - I I ’  - t O  ‘ t i  w i  I i  too’ I i t o - I ,  T b , ’ -i - t V  - t I

‘ ‘ t I l t ,  I,i I i ( O i l  t o O  t t i S  t t o °w ‘ ‘ l i o n  I I 5 0 5 - t I l t  lit ’ f - t i . , t o  - I a tt ,i I , ,  - ‘

‘I ’ ,  forinart :’o au’ o ’ ;mo ’ltl 1 1 n - t i w h i , ’ - ‘ ‘ i  t o  t u t u , ’,’ ooi, t r - l l n s  - I I  t I -  0 ’ 0 - 1 1 0 1 t O

‘--- -- -
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I r t n  t t t , O n ) , ’ot t’ ,, ’ , l : ~ 1. _ I l l  t , o ~ , :o’o,so .01 ,- t O I V .  • 4 1- ’  Xo - u .. 1 I I t  t O o  , ‘ 0 r o - ’  t o t ’  o t .

however, t i o a o  t , i I  Lu to liver ‘use ‘ - - mam,”t- 1 ,  t 0 -~ col i n c  i ’ o r t , I r ) c e s ;in q  , i n - 1

a n a ly s i s  issues.

1. The SYPAC aro t roach is , r ’ h o t e l  U t o n ,  t i , -  - o T t - S - I  ‘ hat ‘‘ai ’ t ,  i , t t x

in a comuslex assembI ’,’ need j o t  1 o i’to’asuie-t itt _ i l  ‘‘i ¶ , , i i ’ ,’ i t  ‘,r ’t er  to S o ; , ’ 
-

the i’,t egta ted  pe r fo rmance  o f  i~~ r -;o- portions -f tit o - o lt r u c t u r o - . This I t ~o 1 1

was illustrated earlier when miles per gallon wa :- used as a g o b ’  cal

assessment of automobile health . It was not necessary to individually

measure and combir .e by formula cylinder c’om l ’r,’suioou , gas burning tern 1 ’t ’ r at t i ,- ,

s1oark intensity, timing , or the other  myriad matters t h a t  affect gas

mileage . The car integrates these and a l l  re levant  matters , sn ot mi les  per

gallon is the composite performance indication. The measurement of one or

a limited number of parameters to sense a large por tion of a communica t io n

stru cture has already been demonstrated . ArCS Link Assessment Program/

DCA Performance Monitoring Program measures but a limited few parameters

yet it precisel y assesses the condition of the many boxes that make up

the measured radio l i n k .

Basic studies , assessments , and Scope Creek like characterizations ,

lead to the selection of two major sub-elements of the total communication

s’i’-i t t ’ m .

a) The first o- ; y u ; I  em subdivision is O t t o ’ backbone o t t r o o t  i c , -  i t t  includes

the total worldwide assembly of i n t ei c o n n e c t ed  microwave , tropo , s a t o ’ l l i t , - ,

- o p t , ’ , i t .  The backbone o u t  r u -  cure carr ies  or 501 1 1o t , r t  all of I I ,

: on n m i n t  i o t t  ion olor V icl ’t . In some in du s t r y  and t r ad e  document s u t o .  t o - i t

--V- - _- -~~ - -~~~-- -~~
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‘‘to,ite -m it ;o ; (coo tb - h i , i ’’ itt ~tot,t, ’t imes t~~t ’,h , The ¶ Wi: , 1 , ! ) : . i o e  onl y t n t - s o o t - a l l y

I t ’ l l , , tto ’c,jusc’ t t o - b,t, - k f , t t , , ’ otetlt ’Lt re e x t _ i t  I .  lo : , t  i t s, t , , o  t i o , t t ,  j000,l Ot t

‘ t o J t o ’ ~~t Iu-l0o7 t ot ‘sj~t ’ t u ’u ° u ,  .i: d i i o b u tj . ’ s t i , i r r c ow l - , i t t . t  ~ 1 o ’ n u c t ~~~ u s, c ! t o y

t o ’ j t , o i i  . , Lie  ; t c k t o , t t t t ’ ;t ru c t  S t e  e’i t ~~~ to I , - 4o oc’s t t i i  U s e r  I - ‘

i t ,  l o  r , ’t ot ,: ., ’,’t ‘I t  t ’ I ‘i r.

U )  ‘Lie s o  t Oll, t yoott’to i ; u b , : i v i sio n  c at - ab l e  of t - t ’r tr , t 1 1  1 tq S it e  i’ i i ’ O t  1 , - I :

‘ f .0 s~~ou5 em - l o t  O i l  , l o t - S  5’, O ,  t i , r t t t u i , i t c d  d u r i ng  I t o  b i l e  C o o  , - ‘, Seat - tir , -—
incoits . I t  oo ct - , o t u ie  c i t - i t  t l t , i t  when 1;, backbone 51 S0, ’tli r e 5. ‘

- S O t -  I -t i - I ’  ,,oi

I W I t ,  ~~o 0 o i ’,o i t  - I c  t , t  f , ,  i - I  0 0 ‘Ut-  t o  s wj  tb  , ‘U s t~~ t o t  t u ,  t o , ’  l i es  anti  t o

d~ t ec t  0 : - i  t o , ,  I t t ,  t 11,010 to the t ot I t ,  i t oa l,-i , the  lW i t c h , I l i e  c r v l - o o o , the

I ~~~~~~~ o , t:-r ‘t Iter t t , ’ t w , o r k  o ’lcme’ttt . ‘ i’ll, ’ studies l e a , f i t t , i  to

Sh o’ SYPAC l’TIee~’t l r it ’, ’,-ol 0 t o t  the analys j o t  a id  ,It,lt,00 t 0 1 1 0 , 1 0  i c t o  t o t  t he

t i c 0  w , or k  i o u  1,1 also s O  i t t  from the  box level  anti , -tintlti , It iv o’ly ‘ ‘x,ti:t~u 0 : -  , t t l , ;

,o,;ti r o - l o r q~ ’n - 0 001  t i t o t iO -i 110 0)1 t h e entire stt -li, - t t O o uo’ ,oo . b a t  ,o , t o  I i , u o ; ,  101 0 ’

t o ’ - I proo’ol V t i 1 i t ,10 i t  was also I - , t ~~’ ‘ 1  — —  t’, it t,i o’o i  i t t  i ’ I t , i t i go - ~; in  l i t ,  I - o r a l , ’ c r 0

deoter t i -il  t h e  t ” ’ o  t~ ntiaioo ’t , 0 0, the to ta l  ‘i t r u c t : t r e  e t o t i  1 , 0  be ist olat e,1 t o ’,

exam ,  s i ng  - ‘0 1 ’ . i n , , l l , - t  - , o o -  t i o i t o ;  of the t o t a l  wi t  i i  t i , -  box ,‘t i n t , - t t , o - ,-

t o - a c e  i - ,o’ , o; L rt , t t ’ i , ’ ‘ tiO t l ’ t o ’ in ro ’,o , t t o o t :  WO O ;  locat,’,l .

Th e i t o l  o ’t t o - ,o t o o i  stint i t t  tIc- .,’ t wo  t o t  c - S r i , ’ , of  . i u ; o , ’ , o t t t i o n i  s - t v ’ s  I ho ’

tO I t t to ’ it i i~’ ho o t t  h ,i f t It ,’ v t  ,‘t o t .

I’t,e r , ‘  i t ;  ,i t i,o t ti o ’r ‘o n , , - 0 - l o t  I t I, it l o t t o , 1 0 l j  c t o  I Ito’ OYt’tiC ~~~ t o o - I , - ‘rho

0 ’ , ; O  ru t  b o x  to’,’ lo, ’x ot t ,  ,it .ilret nl , nit , 0 1 - l ’ r ’ o ,l, ’l, is ,°l”,’j,-:ittlo,’ labor I’’ ‘ ‘t , - to, ’,’ ,io t 4

t i t n ,  o ’-p I , i t o - o .  ‘ - ‘ v o ’r v  t~iq b t , ‘,,~~t . - - i t  t h o r it ‘ -s o i ls t ’ o o t - j , l , ’i , lt ’ b t -  I t  v o l  r , ’

o’ot’h t o , ~~ I t o - , it  i - - i t  o i l  t o t t  t ’, ’ t  . 1 ¶ no ’ . The lIt ton) o S of t o - o u t  t n t - i  r tt t l o ’ II? u o e , - , I o - 1

1~ iso i t  i i f l~~r itt 1 , ,  to  - i f  I I , ’ . o o t r u b o I , i o  ii I ‘P~ f l~~’ t I - o  0~, 1 5  0 ,~ I c  , ,  ,ti t t - o t t o - i ,

i-i
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The number of sot , ;  of t , ’,; t equt i pmet ot  t o measure all ltootd ’,.’, tt ‘ ‘~~~ ‘! 1 1 , - i d , -  is

v er y  costly. TIoe SYPAC oioj r o ach io ’ t o ~~~~~~~~~~ i i sh t t l o - i o n f i o ro ’ I , t :~~ o at; s e s , t t t r o ; t

from strateg ic points in t l t , ’ mid dlt ’ of t h e  structure ,_ whet,- , f -wor I o e o I ’l e

a t i i , o t c m i t o o d guan i~~y of expensive I n i s t r uj u i c t i t a t  i on  is s u f f i - i , o i t  , Tb,’

I’ eo’f t o r m , , t i , - o ’ Moni to r  t o t - .i Program a g a i n  to ;  ,in examp l o ’ . Measurements  noade in

two tech controls  at  the ,‘ I t t l O  of a s ing le or m u l t i — h o p  rad io  pa th  assi’t ;s

the  performance of a l l  t h e  boxes in the l i n k . W lu eri an I t t v o l v t ’- t  backbone

s t r u c t u r e  is considered , such as t O t e  confiquration in Europe , the tech

con t ro l s  ,ore located at majo r  j u n c t i o n  p o i t t l u t  of t h e  c u b i c  l i n k s .  Thus

the  per formance  of several )‘~o t l t t  can be acconlp l isited by I ho ’ sant e peopl

us ing  the same in st r o t n t o ’ t tt a t i o n  on al l  p o t  h , This  w i l l  t c u t  t o  compensa te

fer  the  cost of hy P A C .

3. There is an a d d i t i o n a l  i ’,i t oat o i l  i t  v r o o t )  red to  effj,’i - o t t  I s ’  ,‘t ooll t o o l

a ny  large mecha nism.  The 1011 ; i n t ’ l  of t h e  performance , i t i , I  I l l , ’ 1 0 1 , 1  i i ’ , ,  I i on s

changes in o p e r a t i n g  condit  ic ons must be while tIc’ mechanism is l i t  a c t u i a l

‘‘1” r a t i o n  u n d e r  real I t f o ’ load , i f  th ,’ sensing Instruments ,‘tn, i n li l , - t I t o ’

aet t ia  1 c o n d i t i o n s  or i f  the  a,;,i, ’- u , m e n t s re I o i  i n o ’ i ’t t t — o f — t o - o,’ I co m e , l o o t t ’ l t t o t 1 5 ,

h -he ro  I h o ’ , t , ’ ¶ 10 , 0 1 per fo rmance  of 0 I to - mei ’liani ian is changed , , o n t , t  t bo e o , ’ t t , ;e i

r , ’ ; u I  ts or , ’ tin t complete ly  r e a li st  i c ,

it ~~Ofl p o — t i t ~~’ 
~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — 
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u i n i k s t at u , ; , n - t t , o d e i n ch .an r u e l s t h a t t u c  o 1 I t ; ’ due n - o ~~ moo l ~- h I . o n n e b o c t i v i ,~_y

bOO I noj a tos , ° n  I t  ,0 t t O o ’  t il t ont o ’t t  t of a sso’s unto’ t o o  - lu ,  t o o  n orm a l, t rto h - f i - , O i ’ 1 .01 t O t

N ’ ’ I t I t o ’ u - t o  - , 0 1  l u o - o  , ‘ l t , o t t o l , ’I  s tool’ t ho ’ t o o, l o ’~~~’ I ‘I - ‘ - n  - 1 , 0 0 1 1 1 ’  - I t ;  t i  0 0 , 0  1 - u t .
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4. Yet another principle cot SYI’Ac’ is t l t t o t t n e , i o ou r e m et i t s  and aSseo ,0,tnoil ts

w i l l  be conducted by automated -lev i - ’ - wi th no serial humati effort. The

ATEC i t at’,lwti t e, now in I - - o I l  f i t  E L u r e o b o ’  , has  demonso t i t e ’I  tU e  ‘‘ “I  o t t i l i t y  to

ii ike  accl l t  , o t c  it i d  rap id meatouremetit oout- otooat tea  1l’~’ . In f a c t  t O t e  assest - iti t o t , t

c,~ , o ) t i l i t v  and f l e x i b i l i t y  iot  so g r e a t  tha t  tot f u l l  - ‘ ower  is i t o o l et

r’ - u t t q r i i c e c l . A concomitant  f e a t u r e  of au tomated  per fttr ltat :c- a s ue o snu e r t t  t o !  l i - W t ,

d i t , - ,: tlv .  The automated measurements  obviously are  in ccmputo ’r  1~ o t i ’pi: , l ’s o t t

so easi ly cart be processed f u r t h e r  beyond the simple portn ayal  of t b -u ’

me ’o u ou r em e n t  i t s e l f .  This further processing i n c l u d e s  c om p i l a t i o n ,

ass-  mbl y ,  - ‘ 1  i t  l o l l ,  t ’o- - h - i c t : I O t l  anal y s i s  and other  mani pulations net- lcd fot

ma ioo o i j o o m ’ o t  and comrrounicat ion system con t ro l .  The au tomated  r epor t i nu cat t

ft’c Lajli ,r- ’,i to fit  the needs of each level of 1 1 0 1 1 0  r o t i .

5. A m a j o r  considerat ion of SYPAC — -  as in all control schemes is an

0’ I ‘ - t ,  - :v’orlookc’,j r ‘gu i t ,  ‘n it ‘i tt  t’ooc a vI~~bb e  ,‘Or n l t T i O t t I  I - .0 ’ ion  t o t  r u , - i :11  0 ’  t o  S1I~ i~~t ’t

ti , - system cotitrols —- a command and cont ro l n e t w o r k  f o r  the c o m m u n i c a t i o n

s / i t  ‘rn .  ‘ l I t  - re  mus t  be j i l t ]  o l o l , t  or d t ’rw i  res I~~ t o ’ r o i l y  t hx oiiq hout  the

work ing  level s i tes  and “o ’r t i c a l l v  to t h o u ’  h ig her lt c,o1hq tiii r t -coo to ,.ioo ,

p e r f o r m a n c e  i ts ;  ‘ - l o u n n t c - n u t  o n fo r rna t  ion and ~~~~~~~~~~~~ d o t S  t ~ ‘ 001,111 , 1- ;o)T1 o ’ i t t  i l l - I

co n t r o l  o t o t u l t o r o t , There must  be also t i t o ’  r o c i l -  r oo t p a t O i s  f rom ( l i e ’  HQ —

l o , w o l w , o r - h  ¶ u -  - - t r r ’,, - f l i t ’  , ‘ o t r t t r o l 0 t i c t r u t o  I i u n o - t . A , t - i i t  i , t t , o  I ly ,  m t  0 - i  , o l  vo io ’ o ’

chian t n t o - l o - ; m u st  be pr ov ided among ,otj ’n tc ’Io ’s that must o o ) - o ’ r O t o ’ , m o  i t t  t t t i , , o~ t I

manage o ’ l & ’ m o ’ n t t o :  or - ‘‘r ~ t o o t s  o t t  I It,’ oh r ti , - t t i t o - , to I0,- rm it , ii- - - i t st-;ions ‘t i

those t ,o t ’l t t i i t o a l  m i t t  ‘ - r s  b o o t  , i j n t - n , o h h e  t o , or o - n ° ’- t int s - - I  i t l t ’ ,

t o t , r - rocess I nq : ;t r u c t it i r e .

- - _ _-
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B r i e f l y ,  the SYPAC cotl( ’ o o b O t is a 0 0 1 I o u n I l I , t c  ,o ~ I t o t  :yt-i t t ro t control w I u t - r o -

t lt e  c o n t r o l  mechan i sm d o o r  i v , -  i t  t ,  j t i - ; t  r i : - ¶ o c t r i s  I o ot t t au t  c’rn~~t I :,i I ls~ )ort)o,’eoit ;l’ - i

data and I t- oman decisions : o d u ; t t - 1. , t ~ ,c - ’t , l f ’r m a t l ; ’c ’ iIt 000’tostflOO t it,S

a. of a few sel ei’t’ - o t  f o .oc- im o sters t t ,0t co-pro- -sent t O t , -  i n te g r a t e d
per formance  of I , , r ,p ’  t iumbers  of devices w i t l u i n  i sa r o - f u l l y
selected su b — e l t - m o - ~, ’ - t ,

b. at convenieitt c,’n tral concentration ~‘~ ‘~~~s r o I p at i n g

minimum rnai n t e t i o r t , ’ o’ and ope ra t iona l  J o t ’ t - t o l l n Oo ’l ,

~
- . with minimum automated assessment itl t -lt rutt l t ’n t t at ion ,

d . conducted in-service ,

e. that are non—interfering to customers ,

t . followed by automated assessment ,t,ot ,o reduction , o l l , l ’ , O I s ,

and reporting , including latcoral anti vertis ,,l i ’ r d o’n wiro-- - ,

o~~. r o s o i i  t ing in appropr ia t e  cont ro ls  c -W o o i - i s o - il l i i i  , ‘~ t - t h  c - - o o t r o l

t’TlO ’,,’It,ttljsms and dOwliward ot’rlo’rWires to  Ittt )000-t’ .10 1’S n b a - U t
a d ju s tmen t s  or r e st r u c t  u t r i t u i t .

—~~~ -~~~~~~~~~~~~ ‘- ~~~~- ‘ -
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IV. Backbone Structure Assessment- and Control

A.  P e r f o r m a n ce  Au ’sesotm ent

The concept of backbone performance assessment is q u i t e  s t r at o l l i t -

- I forward. SYPAC is an automated implementation of a concept partially

implemented manual l y in the present Performance Monitoring Program . The

backbone assessment is in reality an expanded in—service Noise Power

Ratio (NPR )  measurement . The norma l NPR test is performed out of service

and inc loi.1oo~ only the radio equipment and propagation ntedia .  In cco tt t r ,o ;t t ,

the SYPAC in—serv ice , n o n - i n t e r f e r i n g  performance assessment measures  h - lie

NPR of h-lie radio equipment , the propagation niedia, tlie mul t i p l ex  e g o u i l o r n o t t t t

o and serial special t i -i dol , amp l i f i er s , cables , lack  f i e l ds , etc , — —  ev e ry t h i n g

tha t  cons t i tu tes  the  audio to audio  in terconnect ion throug h backbone

‘t trtlctUr,’,

The SYPAC report provides , only a l imi ted  discussion of t t t c  bat-; i c

backbon e structure assessment , o t - l ’ r u . i ’ i i  since many skilled technicians ,oti. t

e n g in e e r s  understand the general theory and tha t  p o r t i o n  of the p r a c t ica l

manual embodiment now in the  DCS as the I ’ o o r f t i r m o n i c , ’ t - t o o r i i t , ’ r i r i q  Program . The

SYPAC r o b e r t  however explores in some depth the r a m if i ca t  i o t t u  t t f  o u t  t o m , o  S ion

of the b’° ~r formance ,ossessrrient measurements, and prov i deo; an ‘ x, t itt I i t t  t o o l;

of ex panded and n o w  ‘ v~~o ’ ; ;  of measuro ’n oo ,’n t s  possiblo ’.

In I t t , ’  n o  t o ; ’ I l l  mann a I ~~~ impi ‘ ‘S o  ‘ l i t  11 iOn ¶ h i , ’ t o - ’ h i  i ’o r t t  ri’l i-i tr’oake o : - o  r t o ’ ’

‘of  manna 1 channel  m e a s o t r - ’m , ’r i t s , and man i l o u l a t  0 ’  h -h o e i . t  ¶ i by hanoi . The

ro’,lti , :o ’ , l data l o t  t r a ’- ,’ ot ¶ t o  t o ’ t O I t l o l i : , i  I h e a l t h  t o t  t he  - , o ’  t o . ‘I ’ t t o ’ r  o ’ , o r o - - . o - v o ’ l l

- o r , l t n o ’ t  ‘ ‘ I t ;  I h o t  , ‘ t t - o r o c t  0 5 1 5 0 °  ¶ I t o ’ l t r t , , i , l h t , i t t t - t n - i ,  0 t o ’ ljr i ko; —— who t h t o - t

-1 - 1 
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single or mult i-hop.  These include idle channel noise , impulse noise ,

RI’ to i lt u al strength , baseband loading , signal level , phase ji tter , and

frequency o f f s e t .  These parameters On a number oh chatonels are suffici ,’tuo,

to assess the status, the performance margin , and the trend of performance

of the broadband path . These sante parameters are also completely sui table

for narrowband and base cable c i r c u i t s , al though measurements such as

frequency o f f s e t  c-n a cable are uninformat ive, they are s t i l l  valid .

All of the characterizatiorr parameters listed are presently made

manually using convent ional  test equipment. This is very time consuming

and requires considerable skill and training. The results of these

manual ly  conducted measurements al-c l o b - t o l l  misread and improperly re, ’et- ho ’ t I .

In-depth analysis is rare, and even rout ine  correla t ion of parameters and

ma jor problem i d e n t i f i c a t i o n  is u n u s u a l .

In t he  SYPAC era , these mea surements  w i l l  be made a u t o m a t i c a l ly in

a ma t t o - S  o f  ;o o’on ,h s .  The r e s u l t s  w i l l  be made a v a i l a b l e  to t i le  , ° I  - r o b - l O o t  0

b ’o’rtoi]rlo ’l in printed form . Further all data measured need i t o h  ho ’  ~‘u o ’ ,o ’ t t t  o h

rou t i n e ly if  it is w i t h i n  acceptable l i m i t s .  Tile SYPAC printouts 1”’ ~ t r i o ,’ ,

not the  i nd i v idu a l  st at u s  of a number of boxes , bu t  h i t , ’  r o ’ t ; i t l  t o o - I  m t  ‘ - ‘ tr i t e - b

p o’ i f o o r m a r t c e  of the e n t i r e  assembly .  h Y l ’ o’, ’ w i l l  su r f , i , ’o ’ many chronic

p roblems , , i :;  I t o  to ‘ ho - l ’MI’ , A mi t I o r  of o ’ - t  reme imp or t ance , however , mu t ;t  too -

emp hatt ize,l . A SY I’ A C j o o th  r n o r o t : i t r ; ’m o ’n ~ n ay  be t o n a c t a ’j o t a l o l  e, from a s ys tem

- ; t a u t , I j ~ u n t t , even thou9h the  Too -h o r- t o t -  :Ti~,~
’j _L~ ’’1 mo o - -  r o ’ u r s ’ n h : ;  or . ’  - i t  I w i t  l t n i t

u i l , , ’tl l i m i t s  f o r  il 1 loo x o’o; t t t ’ _ ’ , , t v t o i j . This ’ lt- - ,o’ r u ’ o ’ o’ ,oi ol , ’ Pc ¶ o f t  o t t  l t p t o o ’ t  S 

~~- “ - &
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both managers  and loca l maintai rtoot - -o . It results from the loose b ’ t t O O i l S o t l t o o o t l t

installation , test and oeco,’Iot , o t t c ’e  p rac t ices, overlayed by rather poor

hardware/syool rn o - t i ’ j i  t i u o ’ t  o i l .  These box vs.  system p r o t b l o - r n  have never been ,

• and cannot hi’, surfaced by the e x i s t i n g  i t q i ; t .ic system .

Fig. 4-1 is an example of one of the ATIIC type printout , showing the

amount of P i t a  that  can boo derived in about 3 seconds. Also there  is

t ’ to n s i d cr a t l ’ - . ;Lt l -Io ” rI i vo - data in memory. Fig . 4—2 is a measurement  made of

an id l e c~’ an n e l .  in b °~b l’ only the t ie channel noise is read . The ATEC

mo - , o o ; u r o ’r n o ’ n , t  da ta  is properly  t i m e  and d a t e  tagged , re ferenced  to the c i r c u i t

, 10i t io ’’ o- it , wi t 1. ‘o i l  seven i n , i o  ‘ ‘ i i  o t t  l n o t t j SL l r P me r t t s  (and there can be more)

deriv o ’ii from ¶1 ’ -  same I o t .o so t h at  t t~~ y a l l  - ‘t o r r o ’ I , o t o ’  and j t  o internally

i ’or i : -u i st o ’ t i t  . This  p e r m i t - -o r r ’. - l a t  t o n  i t t  measurements  made o n y w l i t - r e  ~° t I b - a t ,

t h e h ructure.

As w i l l  be o ’ X l o , l t i t h o ’,h  l i t o r , most ‘‘I  t I i , ’  b ’ , i c ’kho t t , -  st r u c t u r e  l o o .’rt ‘ t r t n t , o t i i - o ’

, o u l : ; o ’ s sm e f l t  w i l l  come as .1 l i r e , ’ I l i t - - — I - r ~~ - t t o i ’t n t  -i - ;-;, ‘~-tsmo ’to ts p ert- t o -mo- - b uron

Autovon trunks or o t b t o ’r voice t o t  s - o r - k - c i ,,oit r io-l s. There w t l l  be n t ’  r o i l  m o ’

tt ooo ’ - i  for , ‘II , oroibo ’ I by channe l m(’ , i o , t i i  li l t - i tt 0- i too ,‘l t iti (’t i ti 0 l i n k  w i t h  I b , -  , t l t t , ’i l t t t i I I t t

re l um r o V m o ’ t , t  f o r  i~~’niO (ls t ot o’
~ jt i i t - n t o ’ n t t  tot ’ - I i , o n i t to - h  ‘ to u t of Servii ’e ’ . ‘I’ll,’

n umber of Au t ov o n  ¶ 0 111k . - OV O t  t o o I i I  0 1 ; I s  a o b o ’ g u o t  ‘ ‘  t t o  c I t - o r  , - - t  er i ; o ’ O h i o ,

pa t h .

There ,o ro mu,’,’ - t o  t t o ’ n ’ ’ i vci r 1. - i  i o ’ ’ , , o t - , i ’ - ’ t ’ t ,  0 ’ h t i - i - . l o u - r io - t o t  t ;  
~‘C ~

s
~~ 

ih I ’ -

i n c l u d i ng o ’v o ’ r y  - o n t o ’ b r - u ’  ro t  i v  l 0 0 0 ’ ,’.1t 1 0 -  o i ’ ” o l i ~’l o o t , t l l l i , 0 I  ¶ o ’ ° , t  o ’ b l ; i b o rfl e ttt •

many  special . 1 0 ;  - s ’ ’ ; ’ i m o ’ t t t  s f t o r  w h t t ’b ; no - ‘ 0 1 5 ’ ‘ - t ~~ , t t I  u t - I y t i i t i o ’ t i l , o t  i t t ,  - ‘ - ~~~ I v

o ’ x ttt t o ; . ‘i°b t iu ;  - - i p , o l - i I j I  ‘
~ 

m o  i i : . o ’ - h  i t - ‘ i t  ‘ 0 ’  ‘ ‘ u  ‘ - i l j , o n t  ‘I ‘ t o n  i ’, t , , o , o t 0 0 0 ’  ¶ o r  to

— .r - 005 ,os - - . . - sr - -. o - .L5 - Ouo-~~~ ~~~~ t ,  . - . ‘ 0 .0 ~o.’l’o- ’~~~-’~~- -~- ~~~~~~~~~~~
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us ing both d o  t- ,’o t measuremeuot  and also spectrum re la ted  computa t ions  b o o t - h

U 100t 1 I l ie f a s t  Fou r i e r  t ransform . l” u r t i oe r , h-hoe st-tso tssment  data can be

p1 oco ’sotot .l in t e r n a l l y  in t h e  computer and presented in a number of forms to

h o’  of maximum use in performance assessment , f a u l t i so l a t i on , or management

and control activity. An example of such a processed presentation is shewut

on Fi g .  4- ° . Th is  f ig ur e displays t u e  ATEC b iri li t oui t of the noise spectrum

of charlnel 007 . The numbers in tile colum n ind ica te  the noise energies in

~ o, ’h t  100 Hz por t ion  of t t te c iu a n t i e l .  The inked u n d u l a t i n g  l i n e  drawn by tile

author u ’ep r€ ’ i en t s  perhaps a more easi ly  v i s u a l i z o ’d d i o t 1 o l , o v  fo r  those not

fam i l i a r  w i t h  ATEC. SYPAC display w i l l  I o r o ’settb a more suitable portrayal .

Note that in this u i u u u s e - t  channel , the re  ,ore  sevetu t , ‘t ooo ;  , f o u r  more t h an

- l , ( 1 u i b r n ~t , as i n d i c a t e d  by the asterisk on the numerical printout.

The SYPAC I’,’lo co rt i ’t ’ c ° o ’ rs 100010’ of b - I t o ’  ad d i t i o n a l  p er f o r m a n c e  , , t l t t e s sm e r o t

t o ’- -h tn ic b tleoi 1005 i ible in an au toma ted  env i ronn t ent

B. B , i u ’ k l u , o u u ,  - ; ‘t ru c ’  t u r o o  c ’u o t o l t o  I

Asu is , o l o o , ,  iouo; , , o I l  - - t u u  ¶ r t o l  act ions n ou ’ t t o o ’  based on ass I , ’- ’,sment 01 ,

ullo - , o - l or o ’ l nno’n o b ;t , cir t o t  t o o l ’ information t h a t  b o t S ’ t  t o y  t h e  o u t  a t  t o t ;  o f  t u e  rno ’, - t t , i t t i sm

t o  I to ’ , - , o r i t  r u t  I i  o t t .  The . 0 1 1 1  u t r n a i  ‘t i  tlbo ’ a s m or o ”t t i , - t i t s  made t oy  SY1’Ac’ o , ’tt t ,ia a , o t i - ’ h u  o s

o ’xem lol it o t t  in -‘i t o ; . 4— i oIl-b -1— .’, and tbo o ’ many  - - I h i o ~n ,i t ;l o ’l;ot nno ’ o o t o  o ’,o t ;j ly

, o ’ -co n n t l ’ I  u o t b o o ’ i l , for m t h e  t o t  . 1  k o , , o ; o -  I r - o m  wbih ’lt the I i o ’oS l o o t  t - , , , ’ K h  ‘, ‘ l t o ’ ’ . f  ,oI 1100  t am t o o ’

t t o ’ r u v o ’ o h .  ‘ I t t , ’  .ol qorithnosi I t o ; ’ , 1 ‘ , O  ‘o t t l o t  o - , m 0o u ti~ oo ola to ’, b ’ l o ’ .’o ’o; , or a r o a l v ; ’o-

I l t l i l t  ‘.011 t oo - i o o n 1 u 1 y f l e x i t o l o ’ . A t o ’w I t o -  l o o ’ u n i o r  t o - - t o  - h  in

l- , o l r o o t o o ’  t o ~~ ‘,‘ t ’ i - : -  t o w ; t o I l ,  o r - - t O r t ’  i o o ’ i n u - u  ‘ u o ’ i i t ’ r , u t o ’ - I  ,‘io o,i I nt ’ l ’ -  w ill i t ’  I I , ’ -  100 ’ ’ ’ . :
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becomes clear.

The SYPAC report discusses severa l of t hi o ~ more i m p o r t a n t  ,‘o;o, ; i i h t - i , o t ioios

of data processing and the requirements for reporting . Fiq . 4-3 i t-; one of

the high leve l derived outputs available prroo ;o ’titly from the PRI ’ , and is

based upon only a partial manual implementation of a SYPAC t v } o e  backbone

structure performance assessment. This f i g ur e sh ow s the  con t i n ua l

improvement upon the  i n i t i a t i on  of LAP (later followed t o y  t he  l°MP ) uni t 1

the e x i s t i n g  mau laqement  o t  n u t  tort’ s - i t ;  u ’u o n l l l  ‘ l o ’t ‘i y - I i  0 - t r o l l  - t  t ’ .h i t o  - a  ly

1974. The char t  f u r t h e r  shows t h e  nc , u l b  to of HQ Al’°CS di recteti  sloec i ,i I ,‘ i ’t t I rio t

and correct ive  ac t ions , and the cbo ann e l performance recovery by mid 157’- ,

f ollowed by a r epea ted r a l ° i , 1  decay in performance b’ r t ’ c i l - i t , o I  ‘ - .1 by y et , i n t ’t  h i o ’r

major  HQ reduction and change of f u n c t i o n,  whe the r  t b t o ’  m a n a g e m e n t  , o , -t i o no

were the best possible u nder the  c o u o , h i  t ions is not ti m e 1 o t ’ ; o i t  it i o ;o ;u o - . ‘l i o n  o -

was however c l e a r  da ta  from which  t h i s  cha r t  was dr aw m u . The d , i t , o  w o o ;  u ; .o ’ - h

to assess t i l t ’  s t a tus  and c l e a r l y  see when t ;p e c i a l  managemt ’t o t  it ¶ 111 i t O i l  W i t

requ i r ed . The d a t a  from wh i c h  t he  . ‘I ;;o r l  was drawn also c l o ’ , im l v j ’lo ’u it u r

the links and mu lh -i—l iml ks that were ,bo °q iaii o’ ol ant I  h i u 0 o l  i - l I l t  e- h t i t o ’  i n t e l  t o ’ , I u,i l

m a n a q e me m lt .

rho SYPAC sttudy djscutotoo’o t t’t; b ,ot ’t 0 , ; I l  t i i ’~ o i l  ,imi,i , omo - b o l anti i i ; -  m g  ¶ I t o

, i t i t , O I I I , i t  , - , b  o ; o ’I t 0 - l o r o ;  t t o  t ; o ’ l o ’ct u v e l y ‘t i e r  I the o b ’ t ’ t o b o m  i,ote l ’ o ’ r t t o  r in d and t I t o -

manaqem on L  o i l  m ’ t uu ’t t u n  o ’ when excurs ion  I ro om ‘ i - - ~o~~;~~t , i l l l o ’ oit ’ i ’u i r  . ‘ l ’ h io ’ mo ,imt ’ o - r

utf poss ib le  c o n t r o l  o t t  ions t o t  ‘ t O u t  ao~ w i l l  I - , - i - , o ; . o ’ - I l i t  ‘t ’ ’ 1 ~ ’ I t j ’ o O Il ‘ I t o  - t o t , o I u °

and t l n u , o n t j t y  t o t ’ l i t  0 , and t b o e  - t i t t  ‘ 1 1 1 , 0 0  - - 1  mam on er in wboi , ’ hi i t ‘ i t t  t O ’ 0 1 , 0

,o n t ’ b ‘o r ’ I u , l y o ’ i .  ‘rut tti o t i , u - ; o ’ t t l , ’ O O 10001 l i i  ¶ Ic , i , i r , o  i n t l  mu ,~ b u , o f  I h o  i f

-I  - lb



inaccurate and not available ii, proper time frame. SYPAC will permit

technical managers to monitor and keep close control of idle channel noise ,

phase jitter , impulse noise , level and level instability, frequency offset ,

etc. This control can be by equipment substitution , repair , alignment ,

person’n’iel changes at either the technical or management level , reduction of

the communications demands (baseband loading reduct ion)  or other appropriate

act ion . The control can be automated in some cases, in others technical

management w i l l  be required .

C. Backbone Orderwire

~tost  mi l i t a ry  communicators fa i l  to view orderwires as an integrato ’d

network . They view the orderwire as one or a couple of communit ’ation

channels  to ease the actions needed to f i x  boxes at a site , or to  resolve

conf l i c t s  among several people trying to decide who “owns ” the troublo .’,i

,h o ?V ice.

SYPAC is a system concept , and the orderwire structure needed to

support this concept is nmouchm different . The ordr’rwire must be viewed as

a t a r t  of the system overhead mechanism needed to effectively control b Ite

OCS u n - b r , u l l  condi t i, ,ns  inc lud ing  t u t  r oo ss  cond i t ion os .  Tile overhe , iu l  i n c l u d e s

Iii ’ performance assessment a t ;p o n ’ t  i-i and the  r equ i  s i l t ’  o- ’t o t i t  no I st ruu ’t Iii ’,’ I ’

opt imize the communication q u a l i t y ,  to maxi t to izo ’ I h u , ’ communic’,it  ion tle Xi l )i lity,

and t o  minimize the ~tit rsonne I rettuirement i n  a l l  p li au-o ’t o of the  nsa o uot ero an cc ’

intl o(o,’r,it ion to t the DCS The o r , h i o r w i m . 0 0 s t ru t - I  1110’ I S  r e l , i t  i ’d to I l l , ’ [ 1 ( ’$ ito

much t im e si ame manner IS the I ‘t )~~O t0 , l I , ,  t ai o,1 t,’utmi t no I r i o ’ tworks ,tre m l  o i l  ~c1 t,’ 0 t he

_ _ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~—‘--—



o,o l ’ o . ’r a t  m u l t i  t,’omnbo-ot erganoi :,ot i t o b b O .

lii tb oe command and c o - o t o t  no I wor ld , t h i s  com,mamouj ne twork is i n s t - il I ‘u

a .  Issu i n g  orders for  conduct of t i too  opera t io m o ,
.Pro ’ctinq c e r t a i n  actions , and distributing
planning data , c o t c ;

b. Rece iv ing  stat ’t u s  of f o r ces , cond i t ion  of f a c i l i t it -o t ,
and other resource data; auod ,

c. Reporting results of c’t;.or ’n,-i I ion , difficulties
encountered and requests  for  a ss i st ,o~ic~- .

I n the communi i ,‘o t i otis wor ld , t h e  comiro atiul t o t  it ,‘o o n t  rol  01 , ’  tw o r k  ——
the a ni l e  rw i  t o ’ t o t  r u t ’ t t t t ’ o ’ — —  is io so ’d I o o r

a. I s s u i n g  i n s t r u c t i o ns  on t I s ’  m a m o t b o,’i’ , o t  t i p o ’ u . o t na I l
of the various m l e t w o r ks  or lo ao-ki,uo ni e striu ,’t 11 no ’ ;-~,

directing hardware r e c o ob l f i cj u r a t i o i o  a t t . h  ,ot ito - u -

rnetwork operational restruct uriol t ; o

b. Rece iv imog  pe r fo rmance  ass e t ;sm e t ot  o , t  oh  t i ;  of I s l o  - 1w, i t o

report. i rig t r a f f i c  s t a t  us , o n i t l  co t i ,t  1 t i ( ‘b i t t cS 1010 ’’  t O o -  t~ f 1. -to ’ ; , o  t t, t

c . R ep o r t in g  the SI r o ’ t;se t ;  as a resu l t  o h  , o t o u i , ’  t i t i , u  I
ut l t e r a t ,  ions , t h e  i ’ bi,oni t t o ’ ifl n to ’t stork o - on bai—kboroo’
status f o l l o w i n g  a i ’ o ’ o l t  r i  1 ly di no ‘i ’t , ‘, b  , - I t o o i u ~o ’ , o n o , l
forwarding rt ’.l lto ’to t S I - n  , o s t o j  - ; I , i t ’ -  - o -

This  t’or,illel ism i s  u ’o l o v i o , t u t o .  C l e a r l y  t ho ’ 0 - I  i v e  con u um,on, , i  i t o h ‘0 , 1 1 1 n i l

of the  DCS (or th e  t a c t i c a l  w o r l t b )  i t ;  not o ’xo ’r u ’ l o ; o ’,l by t h e  a d m i o t i t ; t  o o t  ho o ’

cha in  t to r u ’ , i , h  i r i q  d ,owui t h i r o u u q b o  t t o  ,° os’s i al lbc t o - . Thus , ¶ t i c ’  ;‘o o n o ’ It , ; ion i t t

t r i o , , - , , !  ‘ i ii I c :  t here mush t oo ’ au 0 ’  ¶ t o  ‘ u ’t ive ‘. o l f l r l o , i n i , t  o n - b  t O l l t  i’ t t t  , o r- ,h o ’rw 0 1  o ’

; t r t i ’ t t u r - ’ ’ , ‘ n - t . o t i i , ~ t ’ , h  and i m l o i , ’ m e t o t o ’t l f o r  t b t e  mi  h o  , o u \ ’ (‘OflUIiO,i t O O , ’ i t  I 0 0 11’; o , °,’ o;to ’m .

- I  — i n
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V.  Ne tworks  Assessment  and Contro l

A. I n t r o d u c t i o n

A communication network is an in t er c o u ou i c ’t i o n o  or hool.,up of i n d i v i d u a l s

or agencies with a community of mission interest. Network assessment and

control is not a new subject. There have been plays , books , television

s er i e s , and numerous jokes concerning the interplay between the customer

and the little old lady at her switchboard who ‘managed ’ the first voice

networks, These little i t i u’i ladies were frequently slow , they made error ; ,

t h t o o v  listened to the conversa t ions, but they did develop ti r ,.,p jo . o r t  w i r h t

c’aclu other , with the customers , and with the system. Thus they provided a

very e f fec t ive  and use fu l , albei t rud imen ta ry ,  ~ qt-t esu sr r ” u t t  , t b ; t h  c r o n o t  r o l  , , i ; ; i h

acted as a flexible interface between the electronic portion of the tio, ’ tw t o i k

t i n - h  t h e  subscribers.

The basis of most of tile management of major commercial i t t - t w i n k ’  0, 0W i l l

existence is not a ubiquitous operator. Tbi o ’ sulot . - t  t b o ,’r t ;oi to t

be his own operator and assess his own c l v  ( ‘0’ . Tile customer has hi~ , ‘s’;t

ears to act as sensors and h u e  provides I i i  s unsol i c i t ed  asset -u t - i r one uot  fn ’ e e .

Howeve r , Ile r a r e l y  complains t i u i i c ’ t - u , ;  his service is nearly or entirely

disrupted , so he in fact is a t,iilur oi alarm . ~tco ’tt customers . 1 1 0 ’  adaptab l e

i’m that they accept noise , cr o o s t t  talk , and o ; ~ ‘ u u r  i ous t omo ’ o t  ,i u i . t  ,-io - - t - , ti o ot t i todo t e

t o  degraded conditions without t amp i , u j  t i t  . Phonic out ages  t hat  t ’t ’ , ’ l i t ‘. 0 11 0 - u

h o u r s ’ normal ly  or , ’ not even addressed for  co rr e c t i o n  uni t , i I I l t e  I , o l l , ow i u u ’ u

workday . A l l  of th ito, so ’etio o ‘ - 1 1 0 1  ¶ too r o’ , o o s o u u , o i  - I  - ¶ 0 ‘u olruuue rt ’m a I I ci epioune I t o .  ‘ r ; -

00—I 
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In spi te  of th e s e  f, oc t  s it is a s ’ ° o t ’ p r  0 sc’ to most people tha t  teL’~ - t i i ~ t t o ~

companies , including t h e  Bell System , never really intended to l’rovidt o

service  100% of the time . Tiue goal is n i t qu at e  se r v ic e  Y 5 ’r t ’f  t h o r ’ t ime .

The telephone companies claim that to really provide i l t ) . 9%  a c c e p t a b le

service 24 hours  a day would raise the cost of phone service by more that a

factor of ten. The author does toot believe this. Perhalos it might be

better stated by 1; , i v i u t q  that  it does not have to cost this much. l°ruoost’uot lv

management by customer complaint i standard not on ly  in the I’ u o i t c d  States

but also wor ldwide .

Customer complaints are not, ~ t O I l  h ’ , o c t c r o ,- method t o  m i t  i , o t , - mi li t , ;~~~

network managment .  The mu i t o t ’ v  and , ‘ o’r t , i  i to key governuno o,on ’it,i i a - n o  ~tc i t ’S I n - ,-

a completely  d i f f e r e n t  requi rement , cor;seiluc”,ot 1 the i r  operat  j o t  mus t be

much diff,orent. Political and military intellcsr ,°roct’ i n l t t ’u’nrtot ’ion mc:st flow

in a ma t I c r  of minutes  s ince the dat a  is highly perishable ,onod t he

information may relate to highly volatile Situations. i”or example , if  this

co un t ry  f a i l e d  to ro ’cc i ‘cc’ n o t i f i c at  ico n of a ball is t ic  mis si  I t  at t ac k  and so

made no command decisions or activitat,ed no defense , t b ’  u . s .  i d e n t i t y  won, o il

hoe gone. C u t t t  ant l er  comp lail l ts in t h i s  context  are uon o ’,lr t I no h o ’s , ; . Thus an t

-b fe, -t  ivo  mo -t ! o ’ ’ -I  iot ~ ne twork  p e r f o rma n c e  assurance  is t o n , m n i , h , i t , o r v  , Vet I I t o ’

h o  - .0  o o I  ‘~~~t -  . t tom o oo r comp l , i  i n i t  to as ‘ the ’ network asse t ’  cro , -n t se to , . , ’;- and ch ic

- ; ‘bor ’cc’ i l l  i n f o r m a t i o n  upo n whi ch t ,o t o ,io;c ’, ’ n n o ’ , - t  i v ’ - uu oan agem ent  i s  o t t ’

- h o o p ]’: - - n o , t r , t i r i o ’ , h  w , o n - 1 - t w u , h o ’ t O i l  t t o u o o ; t  15 0 1 1 0 ’ u o o ’ V o ’ t  o °°,’o ’ n t  p u o ’t ; t l o n  t u e  car l o - n  I

The b o a ; , i c  e n o b b t u 0 0 0  u ’ u n q ,‘bo ’s iqn  of mu - - I  m a j o r  u n t i l  j I , o r  t - - n t o -is. - o r k s  u s  baos ’ t t nn ~o o o u u

t ’om m o ’ r ’ - - i l l I y  m v i i  l , u h o h o ’ I u , o r , b w , o r o ’ . I t  i ’ o  o n c o o t o c o ’ u v , o l t I o ’  t o  I b t t o o u ’ ~ I ; t  l i i i

o ’x ,on l ’ i n n a b  ion  ¶ h o  t t  ¶ ‘ ‘ t o i t u t  1 . o i t t  I t  0 -  b l O t  ioroa 1 o 1 i u r , i ’, o l  o n-u I o .i ; o ’ i h  t t ) o . ’ t l  0 H

00— 2 
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leso-pi techniques an- I  hsr .is’are ili !- roau :ht  dc’v~~i o j - t o ,h  h o c  commerc ia l  uOe t  W O S R s

whos e cc,rttmunication __goal i.s on ly  a st to t  b i t  l t t d !  iJh o o~~, , H I ;oom~; I  o - 0  - ru  r a t e

and e’,’t’ tha t dependen t  upon, IO US ’OtltO i:otooj) b a i n , 0 - ; .

The loro Ibl eut o is t Oot  r e a l l y  t ha t  t h e  commerc ia l  wor ld  n i ov i d e s  t ouch I
poor service heco :o ;u oo , much of the Hoto° the Bell dy st et s  w i t h  I t o ;  j o u ’ o ’rniuun

q u a l i t y  t o t i l I i i ’ t t l c ’ t  10 , , i i h v a o i c  oc n b u o l t l t u - n a t b c e  t ra in ing , du pl i cat  t t i  of h ia j ’ ,is’orco ,

a r id  wi th  : I o t t , , 0 0 0 i ’ Ic - o r  remote swit cbu ing  of equipment ac tua l ly  t ’ r t ~~’1 dr ’0 t o i - i h i n i

than ‘.15% service h u t  totill not approaching 100%. The n o l i t a n ;  do r iot ,t ft c t

0 0 0’ p remium -J c ;a ]  it’,’ eo:Tuipment . I ’ o u c t h e r  ¶ l et ” I to  l i t t l e  o: i vi  l ion  m a r k e t  f u o f

t h e  r o ’ - - i t l o b ’  Po’j’,’ or b u c o r ; l w a r t o  u’ o t i u t  r o d  to provide  ,ind c ont r o l  ;i t , o ’ , t r  ‘ a

c l o ~~L e n-o, ’stc ’rn . Also ~he U . S .  policy to fost,’r cctmi o’t i t  t , ’ t I  , l f l h l ° t i o !  ti’oe

ornjn u u t ;  Or a t i on s t u ron ,; , i t o o b a b l ’,’ w i l l  do what  the po l icy  tll,ikc’n - 0 C’~ - , t r o ’ t t t ‘Y

wati t- — - ‘ i - o i l , -  a w i -i cr  o u o ’ l o - c t i t t u i  of ‘ cheap ’ serviI ’o.-; no c o o t - , -;ioos ’o - ’,’ o - r

sttooul ,i belirovo:’ that it w i l l , b,’ bet te r or more ro ,- l i a b l e . Sys t em u n t - - - o r i t ’ ,’

and u ‘ ‘ii ablil t ota r, only be worse and I i kt ’ I’: niouch degraded I’rc ,btt ¶ at  tot ’s

- r i l ’ . ’ u l h , ’ , l .  This f r - n i - h will si-ow .~~ u o h  o’,oL.o b °ly ; ;tio l ’  wh t; o t lit I l u ~ e l f - o r  I 0 it , r-

wa —u on t b , o -  -1 , ’’ ,’, ’ l o o I o u T o o . u i t ot hi-rh qual i t °,‘ o’ytotoom control . Thus ¶ h u o ’ m i i i  t ar 1- w i l l

have I t o  qo it alone in pr o v i.hct t -t ‘ S I . ‘~~ so ’r - vj c e  on a l l  n u o - h w  n - k- , ,000,t sySt 0-ott- -

o t t  0 0 1 1 , - O t i v i o l  s i c ’ .

B. - o n i o n , ,- o s- or k

A l l  n e t c , o u ’ k n u  h t .o v o :  - ; u o t o u - i l o u  ¶ t o t  I n  iv o’r - ;o - a to , o . - k l  -o t t o  ‘ t u - ~ t o -  ‘ 0 ’ ’ -S ’ ’ - no ‘ I t o

input ,oro d t o t i t  ;~ e l em o ’n tn  . ( -~ o’ o’ I - ’ u -~ . o— l . ) They m o, i,oc’ o - onto . - u . tot - ho n-i

- i  ‘ ; w r t - - o ;  w o o - n o ’  t i , o -  o r I o n - h  - , out r rto t u n u o , - , o t u ’ n ’ - u s  s - o r ~~ ’ I , r n n , i ; , t : - ; l , i l o ’ l , o n

n O l a n 0 0 - t ,  l t ~ too t h ~~ , u ’o omnnoi o u o a h t t y  o h - u n t o - u t - h o - . o t ~ u 0’ ’ ’ O i  I t ,  ‘ - n o t ’ m ‘ c o d  i~~

i n t l ‘ ‘ ‘ - 0  , ‘ ‘ t ,  i t o h , ,’ ou~- 1 u o t  t o t  1 , 0  b ’ o ’ r I ’ ’n oo t o, t o ’  i - - . - ’ - - ; r , b o ’ t t ’ , io u ,h - - o o n , n o l



-~ --- - - 

I

SIj~TL 1FIED hl~°TWctR0~ pc°R°rhA ’
~
’!,L

Input A

Input
Device

Packi, one
h’iid point  P S t r u ct u r e

- h o - - I 
~~ o b l O h O ’ C

~°, h l h i c h o ,  D
Out  i - i t t

Dev ’r - ’ o-

Ott k pti i E

I~ i . ‘--— I

L , - -



In assessing the health of any network , there are two clearly

se~.oarable func t ions: 1) sensing the technical hea l th  of a l l  the e lements

unique to both the net and the included backbone structure ; and 2) sensing

the informat ion flow and facility allocation within the network . The

technical health can be perfect , h u t  some t r a f f i c  overload can ru in  the

network performance. Conversely, the traffic control can be perfect , but

the technical problems can disrupt network operatiouis. Both traffic and

technical parameters must be acceptable if the network p er forman ce  is to bt-

acceptable.

The network hardware complex is heir to all the ills that always

plague any electro—mechanical entity . There is general militar o ’ recogniti on

that the hardware asso,:niated with the backbone structure has maintenance ,

adjustment , and operating problems. With logic that is strange , 11 u o - o ; c  same

people and even a large percentage of communicators somehow believe that

the hardware uniquely associated with each network (althoug h selected,

procured, installed, operated and maintained wider policies and procedures

that are common to both the backbone structure anool n e t w o r k  I~or t ions of

system) somehow works better than the hardware in floe hackb ouie  s t n - c u c t l u r ’ .

Every test , every measurement made in any Scope Creek t y ~~oe cioaract o ’n ical iono ,

tt ,o o ; always found the network  hardware at le,ist as do ’o ;r ,o1 t o’ ,l ,lt; thu, b ’ ,o ck l- - ‘ too

por t ion of the network. In many cases since 1970 the network han ,hw ,ino ’ h i , o t .

lo o ’ o o nn far worse. This is n u u o t e n u t , n u - o ’ l y  due to ~’ the b o , i u o h w . o n o ’  on  t u o  t t i o ’  n o a o o , t ’ - u t , i n t , - o’

t o nu ol operator - , but is also i t  no ’ -t l y  relal o ’~ h to t h e  ,i l ’ o ; o ’ nl o , I t o t a l  u u o ’ I w , o r k

o h e o ; i q n , poor network performance asce’tsmeuit (normally none)  , u i - h  la i ’k o h ’ i

‘ ‘ t o ’  n I  ne t  w o r k  m . o n u , t i q o ’ n o o ’ u u l  ant i  a.  o t t 1  t o o l  o ’m h ’ o o , h i m c n t

Obviously network b o o n - l w , in 0 ’  pe r fo rmance  , i t , ; , o ’ o . ; , n t o o ’ t i t  m o l t i -  . i  nsa

i f  nto ~t t tto ’ prime t ’ o o n o o ’ o ’ n ’ r u  u u t  o t o ’ I w o o r k  m anaq er rn ’n o t .  C,_ ’ n I , i i o u l ’ 0 ’ b r u I t ]  t ile n o - I s

5—5
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has been brought up to the somewhat ‘improved’ level of IterfOrulaulce and

understanding deunonstrated for the backbone structure, network technical and

management at tention must be heavi ly addressed to the hardware aspects of

network operations.

C. Network Assessment

1. Signal Evaluation

Ne twork nerformance assessment and control r’urimarilv is based on

the demonstrated caoabilitv to characterize the network , not only individual

elemen ts , bu t in log ica l larger assemblies such as is don e by the  l” th°  0 uor

the backbone structure. This character i,ootioont is based upon the s a l i e n t  and

mr’aoiurable parameters  that describe the i’’” o I t ’ o t l , i o t , ’ , ’ of the  , - l o ’ n o n o o o o t  to in

much the same way that  thrust , f uel f low , pressure ratio , o ’t c . ,  do ’s cribe

the key features of a jet engine. If the fue l flow required I t o  ; ‘ r o o , h t u o - o ’ -O

given thrust increases , clearly degradation has occurred . This rtoI ,o t to ted i i -

can be ascertained i n — s e r v i c e .  Or put another way,  il l  ,isso ’rnb b i o u l n so o ’o - o ; s in q

si g n a l s  have a well defined signal modification pattern. Excess ti o un , al

modi f i ca t ion  or d is tor t ion to these signals can be o l o t u o ’ n  c o - h  i n — o . e n v u  co a t ;  t h t o ’

signals toraverse the communications system . Clearly me,it :oino-ments at the

input and ou tpu t  of such boxes , made m o-service , ‘.i ni a t - ,‘o - n t , o m t i whet t u , ’n l i t ’ -

- r i b oe , l  ‘ s ignoal modifications were observed - o r  t b ua  I o ’ xt ’eotS h o ” ; n , i , 1, it t o  o t t

o, - , ’tur r o ’ oh ,  The cumulative siqna h o l n o t t o o r t  t I O t b O ,  t ’o l t t  i-op t e n t - t o - o h  , o n ’ , ’ w h i o ’ u o ’  I n o r  A

E — — Fig. 5—1.

In i’~
’ 0 0 1 ’ ’ n u t  d ay  normal  t o r u t  ‘- ‘ b  — - ‘ ‘ u - v i c e  I - o u t  ti’; i t -I iv ’o t  t o - ’ -; , on . O l n t t - I  . o r , y

0 1 0 0 _ I  n o ’ o o i c  obo ’ vo o ’o ’ or a s - ; o ’ r t u b o l y ,  t b o o  ,o~o t~r’ oo ’ l o is ~~ o j n o t ; , ’ n I  a t o t  t o n i ,  ‘u n i t

¶ 1 1 0 0 0 0 0  h , t ; o ’ r v o ’  t h t o ’  , h i o ; I , o n ’ I j o o n o o t  anti - h o -  o n ’ , o o b , o t 0 , 0 0 0 ’ i ;  l b  t o t ,  u n t i l  I r o O ? i o ’ o ; - , o ’ o _  t ° t

‘o — ( o

- - - A  



the assembly. Th t r e  is nun basic c’.- - o o t i r c o t o u e n b t  t h a t  t h i s  s igna l  be the n o rn r t s u l l~o

used 1000 Hz tone. This tone is used ho - , - ,to t ’tt’ many t o cit instruments are

keyed un iquely to 1000 Hz .  However once automated assessment  is I i o ~11ht h ,

there is no reason to continue use of 1000 Hz or need to contit out- most

ou t — o f — s e r v i c e  s igrua l  t r , a c i u o i .  The signals already progress ing through

the  DL’S are suitable. The only requirement .  is t h a t  t h e  k e y  ,;tb on ’,o - t o ’ r l o t  tao ;

of the signal must be kn owu o . The i”ig . 5—2 photo is an osci l loscope pa t t e r n

and an ATEC pr in tout  of an Autodin good modem t a k e n  o h  t he modem output .

The oscilloscope pat te rn  has l i t t l u - jitter, the li ne w i d t h  is narr ow , or as

a tech controller views it , “ Th e eye p a t t e r n  is open. ” Tile parauoicter

selected for assessment for th is modem is peak-to-average ratio (PA). N o t e

that for this  good modem it is 1.0 db as sbiown iou  t he  PA I n i t u t o o t o t  , ‘ i q , u u ’ e 5 — 3

is the pattern of this modem after it It , ’~~; t i . i n i s i  I ‘ h  a ‘ t o r t  b u n t  o f  I I t o ’  t o ,’io ’ k i ’oo ’ t t o ’

structure. It is obvious f rom the p h o t ogr a ph  t h a t  t h o r - r e  has loo n c o r , o , u - i o  t o o l

distortion . The oriqina l transmitted sine wave l i ke  s iqnal  had a t; t , t l o b o

ampl i tude  w h i l e  the a m t o l i t  t h e  of ¶ h o ’ -  h i - o h - n t  - - h  to ’ ’ ’  tt’ o ’,h signa l t o r i - h

irregularly and widely. The aver.-o - ;o ’ ; - o o w o ’ n  b oyd t o t ’ t t t o ’  ‘ - u o n t t , o l  I - r i  o t t  0 - _ b

AV was about the same, althouqh ’o it is n b o ’ I  o ’ , ’u o ; y  t o o  e xt  r u - - I  v i r t u a l l y .  ‘I to , -

p e a k — t o — a verage was now ° t . ° t  t l h  —— h i q t o l y  h o ’ - ; r . i o h ’ o I .  ATtN nn o - ,00 ; o t n  0 ’  I ¶ ho-

- b o - ’ l r , - i o h , o t  ico n easily , i o t , b  o I I ’ ; j ’ h c o o v o ’ , h  t he  PA t i l t  - ; soi l , o h ’ i o ’ for uta’ h o p  an

individual of any to ’ ,’I u n , o i - ,il o ’otbOn I oo ’ t ‘ ‘ n u o ’o ’  1 ‘ ‘ v o l .  i t  ‘‘in ‘O t t  l y I - , ’ , u i , i n ’ n o o o ’ b .

I t u r i n t o l  one i n o ~~o ; , ’rv i ce A ’ i’ b - : - ’ t o ’ o ; t  , o u t Ao ntod i uo motions ‘ i - t r o t h  from - t

r o ’ r n n o o l o - -t witch m o - , o o ; o u r o - oI a j o , ~ a k — t o o ’_ , i c ’ o - u . t . t o -  r o t  i . , ( t  - I I ’ . 1 1 0 , 0 0 0 ;  I t t 0  ATEL’

to i l  — o f — ‘ t o ’  n - v i e t ‘,g ‘a l t o  1 u ¶ - ,‘ , I b o o ’  f a u l t  w i  - l o o , ’,i  0 , ‘ ‘ - ~ ¶ w - ‘ ‘ - ‘ n  r - ‘0  o ’ ,i h - v  ‘ be ’

m 0 u 0 1 0 l , u b t u o - u  wb o o  h o ’  ¶ r o , o t l ’ l o - - , I ; - o , o t  o ou -j i n t ’ l -.~‘ t ‘ loi ’,ut h u t s  t ’ ’ o - - ’ - ; o i c l o u o ;  o i l  I t o  0 ¶ 0 , 0
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the  problem or the correct ive ,i c t i o n .  Ho ’ then r 0 - p o o r  ted °‘ c l t ’, o r o - , h  w t ; u  J o -

checki ng ” . This fa u l t  isol,a t ic - o t t  - ‘i’n o , ubo ’h have been acu ’om l ol b o l t e d  ‘ I n o — o u t ’n ’ °,’ i t t - ’

had ATEC bee n deployed at all major too t-ti es .

A series of t e s t  were run to prove that the peak-to-averac;r’ reading

(important for this modem) was related t o o  modem p e r f o r m a n c e  marg itu .

Regardless of the manner of stressing , the modem always failed at 7,0 -N ,

+ 0 .2  db (dropped s y n c . )  Obvious ly ,  peak-to-average is a v a l i d  to i o o ’ra tional

co n t rol parameter  for this modem. The signal to noise perfo -orm ;oou co’ oo f t i t t o;

modem is quite good , so is not normally the cause for  f a i l  u r ’ -  but would

be checked.

There are other signals whose c1t,ir,’oo ’t , o ’t’ization a n t i  .io °qra-1,t t ion c ; o o ,  be

recognized by an automated machine or by a nyone ex am i n i ng the r t l o o ’ci  rum I . - t

or other key parameters. For example I ’ io ;ti r t ’ 5-4 i’s the readout anti o t i o o ’. ’ t  t uut oo

plot for a new DCS modem. This modem ¶ r,00t o ;0000 t ,- ; i t  000 0 b/s . This

si gnature  could be picked out from o n l y  o th oer  modem in  t N t ’  i r t v o ’n b i o r  vo ’ry

quickl y by eye or by automated o ox , im i na l  t I n t , Another  spectrum exanno p lo ’

and obviously oiery easy to ident  i b ’ \’ and tos’ , i s u r o  - i s  shownl i n  ‘ i - n , 5 — 5 .

2. Internal Network Signa l

There ;lre a number of t g o o ’c j a l  i n u t o ’ r o u a l  ne twork  t i  o ; na l o u  a i r  o ’, u , h ’ ,’

t r av er s in q  the  n e t w o r k  t’ I u, it i t o ’  t o o t  l i n t  o h  I b t e  informal i o t o  f l o w  ct  t loo -

network. ‘l’b uo o ouo o o ;u onroa ls ar o ’  i n t l o ’ n - u u a l t ’ - I w i o u  k w a r n i n g s  - o t ’ l u  n ’ o ’ o ’l n i h ’ .

‘ i °boon ; o-  tto o ’t ; t;,uo ; o ’ t t - ‘ ‘t n t  h o ’  h o t  o’ , - t  , ‘ - I t O r I - h  u o u o ’ ,l ¶ t o  , ‘ t o ; o t o ’ , oo t  n o r - I w o  o l ’~ ; ‘ r u t h i t  ieo n , o ;  . ‘t o t

o’ x , o m l -lo’ , t, hot ’ h - 0 r ’ t o - - i i la r modems t bu, ’o t i nnor’r o ’o ;t ; t h e  Aol o ’o o h b u o  o u n - r n o , i l t -t ‘no t o o -

5 — i t o
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trunks are synchronous and use an 1800 cycle t~ uue to achieve modem set .

When the network is operating normally, no such tone appears . If t h e

network is disturbed and has to repeat blocks of information , to assure

par i ty ,  periodically the modems resync and the 1800 cycle tone :t i t l o e a r s  f o r

a short time . Frequent resets are an ab solute in ’u- Iication that ‘°t ho ’re is

a problem ” . This reset mechanism is }‘rt , ’ t ; t ’ n u t l ’o ’ m an u a l l y  obse rva ble  by

watchinq the display of an oscilloscope bridged .iut>’whio .’n- o ’ across the ci t ’o ’uit .

This existing network sensing of trouble i~ too t ut ,,’l t o-ow o’ither ,ot the

switch or the intervening tech o - c o ou l rtols . The - ‘ o t t ’ t o - n  by - oh t o o , ’rv i ni h ¶ boo ’

100-tI tone activity has predicted network f a i l u r e .  A t o ’ I o ’I- Iuoui e call to both

concerned switches disclosed that neither w .ot t aware of aoiy difficult p aiod

neither took any action. The net failed in less the 30 minutes. Then , and

only then, b id fault isola tion begin. It should be ro’cognit’o ’t t h a t  l o t  t e n ’

parameters and signal s ignature degradations are sensible at any poin t

along the patio. There are many other examples to similarl y hUtt t ’ o ’~~ this

SYPAC concept, including the easily d etectable sit ltoa t ton , - cot a cry~ ’ I ( o

reset am oco c r 4 0 1 0 1 , -  r ese t  is a lso  a r o ’ l  i o h i o ’ i nd i cator of h o t  w e r k  O t t o

o o o t ’ - r o ’}oange di f f i c u l t i e s .

3. Equipment  I n o t , o’rt u. i 1 I’ o ’r f o rmance  Assesemenot

N,, nu y  , p e r l t , o l o t t  most , e X l t o h  ing equ i I ’ m e u I t  has i i  n o  ‘, u - l’ ,’ ava i 1,ih I o

i t o h  ‘real b y, - ¶ 0 - 0 0  ,i t to’o;t points , .00 ou ,—rte rv lc’e t t o ’ l h , t t ; s c o t o t m o ’ u o t  o n d t o - , o l  i - n o .

1 - r example , the  o oo ’l t ’ —o ’’ l u , o I  o z o n u u ~ medems t ; u u o ’ b u  as t h o r ’  DCS o ’ l u , u n o n u o ’ l  p t ,  k o t t - I

- - - l o x and ¶ h i , ’  ) I , O o t  h o ,’- ; I t x - o n ’ , N o v ,  v o 1 t , i o ~ o ’ o ;  t b o . i uo . 0 0 , ’ ,u , h j r o ’ , t o o  , u o o o u u o ’  b

¶ I t  I t o o  t in i ; t l o u t  s t , r ’ ‘eu -i b o o - h  wei ’n t It o modems.  ‘I’bt i s  vol I - i t ’ ’ i t ,  ‘ ‘ 0  - - 0 l y
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broug ht out for  network use . On th eooe  tWO ex a000 l o l  c’s t i t ,’ v o lt  toqo ’  I - i  0300 o ’ t , j i t

alarm and g ives a meter  reading . In both cases much more constrtu ctuv ’ - use

could be made of the data —— local ly ,  at the t ;o ’t v i n y  ¶ t ’c bt  control , and I l i e

ne twork cont ro l  cr ’o i t e r , to i nit i a t e  f a u l t  i s o l a t i c o n o , es tabl ish a l t routes

, u r , ’uoi , I  problem areas , or repair or r e p l a c e  de fec t i ve  or degraded devices.

There are innumerable other readily available in-service indicators

such as the automic request for repeat (ARQ ) signal  and the 1800 Hz modem

reset si gnal in Autoc3 iu -, , the Crypto reset signal , etc . All of these give

an indication of some trouble or Stress. Some of th c s e  i n d i c a t i o n s  may

also be detectable at mid-points.

it is not a difficult nor expensive proposition to incorporate such

features in all new equipment.

4. Network Product Evaluation

A major SYPAC proven premise derived during these network

act iv i t i e s  is th a t i t i,s not_ ,pecessa s not o f t e n  tecjj~~,~a11 - o n -

administrat~~~~~~~ ,osooib1e to o ’ v a i o u a t o ’ the actual ne~~wc ’n * j~~oo 1nuc t i t o t o I f

in assessi nc3,
,, 

to o 1 ’ o t o - h u l n o n  cot titaL,,Jl~~~
tinuc t , In 1’, o r t  u I - U i  , ir  , o n t ’ , i l ° I b  i t ’ - I , o I  - o

long narrative t n - a h ’ f i t - , O t t . ,  a rt ’ d i f f i c u l t  cor to ’ h i , o o u , ;  to , o - - ,- t u r , i t o - b o ’  ,00 ’ t o ’ ,

,on i th require I n i q i o b o .’ - t L o i l  led human ,onal,ysi uot . I t  is  mto c,’lu to o t ’ ’  iuufo o rm ati v o ’ - nou d

amenable to automat ion tt- o ,t~~oo t ’sc~ cr i t i c a l  j ’a ro u et e r  o 10 5r,ioooet era i to -

DOD wo ’, o t h t o ’rfax nt’twcork too -h  a t  levels of I b oo ’ bLock . i n i - h  whit o o o d o i n u , i l s , ‘ h t u t .o—

¶ i o u ;  and 1o ’ vo ’ I - o h ’ the v o n  ious synchron i :oa t  i , o n o  ~no1 cont u - - I  ci t o o - i  t o . , w i d t h ,

t o t  ‘ I , o t o o h a r d  l i nio’t; in . 0  ‘ o’t;I lo 0lt I o ’ r u t , O t t ’ . ,  - ‘ i t t  hio ’ to ’ ti t ; o ’ ob , o t o d , i n ,  b ’o ’

ool ,o rnn,’oI to a l e r t  p o t - -’ ooo oo ’l invns’d i ,at e l y  ujoono .omloer it o h n - ‘ ‘ On -- - I l - I

° o- 14 
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h o - o t t  r o t  ions.  T h u d ’ s , ’ pa rameter s h ive  proved t h eir  t u t ; , ’ t t u l n o o ’ s s  t n t  t t o ’

fiel,h and .ore aclmi r,obob v suited to full automat i o n . The bas it :  i s o ; t u t -  is I

these  c r c t o t t i l pa rame te r s  can be assessed at  t h e  t r a n s m i t t e r, th e

N o m i n o a t , or at ano. ’ midpoint  in the wea ther fax  network to provide f u l l  -

assessment and con t ro l .  -

There are  many p a r a u o oo ’t er s  tha t  can be used for  per formance  assessment

and u l t i m a t e l y  f o r  ne twork  control  of Autodin  f o r  example w i t h  no no °et h to

p r i n t  out the n a r r a t i v e  t r a f f i c  in clear text  fo r  e v a l u a t i o n. Whether  t l t t °

full ‘good and sufficient ’ a ct  is presently available is not t boo ’ big ca st l e . 
-

The s a l i e n t  po in t  is tha t  the work a l r e a d y  ~oer formed m a n u a l l y  or N p iso t - f  -

ATEC has disclosed a number of qooci ’ parameters .  More work may be -

t t o - e ’ t he o i t , o  do ’ f j n i & ’  ‘ s u f f  i t ’ u o - : t I  ‘ mea stu rem en it s  to assure f u l l  to e’ twto i ’k

a , ; t oo ’ t a o n o e u o t  , hut  0 b t o ’ r o ’ j o-i lcxn ic and ,h,,ita to  show t hat  the ! o a l a u o c r ’  of t he  0

mo - ,o,;turenuients 0Ot ’t’ ,ho - , - ‘d o t  ho ’ otenat ’ I fr- - o tt ext t;t i nq avai  l ab i  e or s irnn jo ly

‘ . ‘ o ’ ’- - ; i b l o ’  i ’ o o i t o l s  or f r ’ t -no  o,’~~t ; o l o . ’ ’ ’ n  o ,’e so ;o ’,l d a t a .  R e c a l l  t l o , o t  0014’ 7 tor  8

parameters o r ’  - all 0 ‘ . i t  a no-  t o t  h o t  to I to l ly pe r fo rmance  assess out (- ‘ I O N

t ’ ’ t ; - t o i r e .

5. N et w o r k  ,“otoo; o ’s o t nnoo ’ ni l I - o n ’ t  n i p  o h  -

The n o ’ t ; ’ u l  ¶ - - o o f  t o o - I w o o o ’ k ~i t b t t , ’~ t~ ; t o o , - ’, t t  b’ u a v o ’ t o  ho ’ v i - s o - h  i n  I t o ’ t o t a l

nc ’ woot’k ‘t o o ni to ’xt in o o o ’ t b o ’ t  I ‘ t r u l y  ‘‘too ’’ h o w  thit,’ n e t wo r k  i s  ~o o o i . f o i ~m i n q t o o t

¶ s o  j u t  t h e  I t o  o h ’  1 ‘rO o t  n o t  t o o l  .0 1 t o ’ ’  s o o n  4, j - t ’ u  40 ’  - I ive

l-’ t q o i b ’ o 5— ) ’  ‘ h a , w ’ t  r , ’ t ; o i l  I ;  o h  o s- i t  l o o n f a c , , t r m o  I t ’ t oo ’t s’t o u ’ b-o i t i ’ , ’ t o o ’ n t l i l  i o n

The ci ro - l o t ;  , ‘o o h o  - I I t o ’  tl u5l 0 ¶ y of b I t t ’  1 1 0 0 1 ’ ’ t I  I I , ’ - I .  ‘ -  , o t  u - t o - ;  o u o t l o  o t t  1 ‘ - b  i t  t e n



rm ‘

7

13

o~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



________________________________ 
- - 

-‘I,

a central HQ precise ciradinco had been applied. A is cooed . C is marginal ,

F is bad . W i thout  o -xc o ’ It t ion , a l l  of the sites rece iv ing  maps tha t  w c ’r o ’

graded less than A gave as the reason one of the following :

1) The backbone s t r u c t u r e  was bad .

2) The map was bad as sent.

3) The grading criteria cannot be met.

As is evident , the selected maps on these three days were scoot A

qua l i t y  since each received a correct rating at the farthest site , yet

every mauiager and technician with a less than A map blamed someo ou o , el- c 0

and most blamed the h,- t c k i  - ‘ structtur ,- foir tho u 0’ -~ o o n - mapro . Tbue

“ n e t w o r k/ p o r t r a y a l ”  c lea r ly showed the lack of t o  ‘d o n  i l o b  , o i d o ’ - ( o u . i o ’y arid

provided - b i t  0 ,—map degradat ion  upon wh ic h  manaqeme oit  o t o o t u l d  have- ac t  ‘ 0 1 . i i o o j

d e g r a d a t i o n  came p r e d o m i n a n t  1’.’ ‘ on L o t t e ’ or iii some i -  ‘ip he ral s - v t  t o  -

such as an amp lifio:r or lin t corod jtior uoor . Al t ” r  a thorough examination ,

rno, i : h o ’ o ~ n u a t o ,’ - - or n o n — e x t  t I - n o t  t ’ ’ i r o t o t , i l  o h  l o u o ; t m o - n o t  , ioo r m O i n o t , - o t , o  t o t e’ of  ¶ b i t ’

s o u l  -~ to rt i t o -I -v l ’ s ’ ’ ; , arid no t n ,  0 , 0  ~~-t O O - n t I  5 0 1 ’ ’ ’ t b o o  - ‘ n  u mo c i t  I~~’t ’ i ¶ o ;  . t’°,; o ’ 0 e ’~ o ’t ’ o ’

several ,‘:om o ‘1 i o r a t i , t - °  condi t ions ¶ h a t  I n n j o o ’ o h o ’ol  ) o t I , r I  iv’ ’ a u t o po n t o ; o u t ’ h t  as no

t o o o t t  equ ipment , ~ - oo o o r  alignment i t i oo t r u c t i o n s , e tc .  , but ¶ ( t o ’  1 ,0 , - I  wart c l - i t

t h a t  th e basi c cause of poor to o t w , o r k  performance wan t  oo , ’t  soo or k bo. orohw ,o n o ’ .

- o  ‘ b Nv- - i I o u t  ¶ u 0 0 0 0

‘l’b orouoj h i o o u t ) t I t o ’  SYPAC ~t t  t o - h ’ ,’ , r o ’ I  o ’r o ’u o o ’e is n i l ’  ¶ 0 ° ‘ - ¶ o ‘ - o h

¶ o , ; 0 j u g ,  ‘ o t ° o ’  ‘ t o - o h ’  l o s ’ o l o b o , o , ’k a t ; t ; o ’ ’ ; t o f l h o ’ n l l  , ‘ et  n o - t ; - . - o ’ ’ h ’ o ’~ ,i 1 u i , i t j o t o s , - b ’ ,

Ph t o ;  o n t o ’ ’ ’  t i t ; iso’ i - - T1’it’ .o ’ ’ ’~ b o ot out t i t o ’  h o , i , ’kb c on oo ’ t I  r o o t - I  u r ’ ’ - b o t t ; o ’ t  j I o o

_ _  
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how tboe radio li to N s were ,tSo ,oeoOao ’.( 5ou,h i - ’— to—audio . Based upon t o o  t o o t

t r a f f i c  stress loading arid tOo,’ 000 o ,oa - - ;u r e  id le c h i , o r o t o o , ’ l noise an .  b so , ’ - : ,  “ otoi~ - , o n

w i t i t  en g i n c ’o o o c u o o o  standa rds h o , ’ u -  u v ~~ i when the l i n i k  was  0 0 1 1 m u t t ’ - - I , o h t ’ -  t o- 1

performance t t t , ,u t t u t ;  and t O o ’ h 0 0 0 r f o t r t n a n o ’e notar y i t o  of the tota l 1 ink  can . to, - l o t  i v t ’  b .

Ito the ne t work case- , however , there p r e s e n t l y  is no I u tu j ‘too ‘ o , t e d  I n t ’ l  t o -

to t e n t - ‘ - rn the equ i v a l e n t  ‘t  t o ’ u ; o ; e o l  ,o ;oo o ’s srno e n t . W b o o ~~n t  a t o ,’I r n~~t ;a l 0 0 1 ’ “ 0 , 0 - n

ne twork componeuut  i s  suo ;~oeo, ’t t~~h of being t h c o o i x ’  dod or du r ing  - o r  1 - ‘ - l i t ’

5 0 . 0 0  O ; t o ’I o . i O t t ( ,’ o -  a c t i v i t i e s , the t o ’ u - m u t t a l is z o ’ t n o o v o ,’,l  f r o m  000 ’ r v l o ,’ot and o i o u ’ , ;  t u o ’ - l .

( ‘ h o c ,-  is no normal t r a f f i c  j o r o t o  ‘ ot ,t;inq throug h t h e ’  t i c - v i c e .  ‘!‘(oo’r ’o ’ is l a o  e’!i ,iOuOoo 1

‘c o on ’ 000 ixu oJ normal  noise , c l i c k s, hums , and the device is see u u in a t,’o too l ’ I  - t o - I

i l - t o  ‘0 - 000 ,01 ‘ , o n t  b i t  ion. i”i g. 5— 7 p o r t  r i p s  t, h~ o l o v i ot i ; l ack  of s im i l a r - i t t ’

h o  t w o ’ ’ ’’ , l it ’-  , i , ’ t  u, o l t e r m i n a l use and th oe n o r m a l ly  o ’ m j - I oo’ i ’oi tcrnooono,’ol

l , o t t ; , b o o , i ; ’k I o t t t t  . I t  i s  not ‘;ur {’ r ’ o t - t no ; ° h i ; o t  , o ’o t ioo ,o l o u a o - ’o n o t - ’- , ln ’ , os ’oo f r on t  t h is  0 0 0 0 0 0 —

i l  I u t o ’  - ‘ o t  ¶ ,i r t ’  r o u t , in i e l y  o t t  e r r ’  - n ’

R e I ’ ’ n ’ - o o -  - o ’  l” u~~ . 5— 8 — —  o l  is c I , ’ , o r  by u n t t ;j , e t - t i 0 n  t O o t  t O o ’ t l t o ’

, o r t o f o t , ’ i a l l v  t o o  h a - - o h  o n  t b o o -  s t r o ’ o ; u ; o ’ o I  I o o o I o b ’ o , i o - ’k , i t h  is s i m i l a r  t o o  r o t h  l i t e

, o t o ~b ‘ i i i  be matt e  o u t  n ’ t ’ ,- t l i t o t i c  t oo t  i t t  desj n ’ , o b o l o ’ , ‘l’I u o ’  j ’ i ’ t t t o ’ O j ’ l O ’ of I b o i~~ , o n - o - - h

t o ’ t , b  O t t  ~~0 0  ,i~ h ° i  , 0 1 0 l 0 0 0 I r t , 0 0 0 0 - ‘ i l  o h o n , i t , e - b  0 , 1  t o t S , ’ , ;  t o ,  t o o t ’ s u ’ t n i , u i  t o ,  a o l  t o u r )  i t

¶ h o ’  st- jo t _ i l t o o  SI  n o - - ’ n o - i l j o j  , o t w h i c h  I t  i o ’ ,bo ’v ’, ’, ’,’ 1 , 0 0  I t ,  or - h o - - ; n , i - h ’  t- O o j  -00 j ’ n

eel , b i n ,  , b ; o o l , h  itt ‘ h o ’ - - o nto ’ i ;  I L ’  ‘ l i k o ’  n o ’ s ’ ’ , , h , o o o , h , o o  I .

i’:n v i -. .i ’ J o ’  , o  -b ’ ’vi,o :o’ t o o t  wI t o - t o  t o o ’ s  i’c ’ iuloh - to ’ , o4- t ¶ ;  ,o~~o;, o b - o n  ‘5 oooo ~ I t ’ ‘ 0 0  ‘
I’s i ’ b o  o p t - j o ’ u ,s o ’ ; n i - o I  b o ’ v o ’ l I  t ; o  b i n ’  a 10) -, 

, (, ‘ . O h ’, o , b o ’ , l I - i t ‘ - o n  -o - 0 , 0 ’ ’ 1 o ’ O ’ I - ’tO ’ ; , o t ; ,  - e

— 5
i o ’ v o ’ l  t o ’ ;  m b - - I .  ,‘o ’ o l a t e r  I t o - I l  O o ’ - j  , h o , ’ 1( 1  h - i t o - h o  oh l - o ’ r f o ’ o  ont o t o  to ’S

t u b ’  - wb o o ’ u o  o n l y  — t ° ’ - l I o u o t V  n o t  - ,~~o 
~~ ~~~~~~~~~~~~~ c l - o n  ly  N Il )  O .~~~

. ‘ o - u , l o o t - i t s n o t O h

h o y t  r ’’  i t o  1’ ’ t o  - h o - h  , - - o n  o t  ‘ -  ‘ I t o ’  - 0  ‘ 0  u o o n o  u t t o ’ , - . I .  ‘ . 1 .  ‘ lb  - ‘ h i - r o o t ’  1 h o ’

5— 10 1
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even I o t t s s — ; h o  the customer has t o o t  y et  comp lained and in fac t,  no ,io ’o l o , t , l , o  i _ -t-

in ,Iav by day operational service may be visible to time o ’omoo t , t,ouooer ,

U s i n g  s t r a ig ht forward  techniques , s t r e to se s  t ha t  increase the , ’ e i o  t o o  i , o l

to no moi re than  10 0 
can ro,oout j o e  l y be appl ied in—service  w i th  no cuo t ; o t t t o ’

- h i t -t t u r b a n c e .  Pu r the r  assessment  utting precise and selected stro ’eooc - ,,

coo ’~ o looi w i t h  one of the  several pseudo e r ror  ra te  o o r  other b - .o r 0 0 0 0 c -t  n ’ o-

sensors provides a ra i  id auu d exce l len t  in—serv ice  n o n — i o o t e r f er i n q  v et  o’x,i , ’t

performance assessnoent with even a lower error rate.

Th e goal of the  uo t r o ’s sed  pe rformance assessment is nOt ¶ I to ’ ,tt’,t,bo ’lotI - ’

‘Ot to to achieve ‘ pe r fec t ’ aliqrunent  . bo ,,itbo o ’r i t  is r e - J o l t  ro - o l  t o o  , o t ; - - ; t t n ’ o ‘

t i m e  t e rmirua l s  r e t a i n  the i r  perfornoance marg in and thus  o’d t i  be re.i ;to nt, ib °l y

exl’et -teo ’i to function when hot ) i l it li- ;, , - , ~~ r n a i o o l o ’ t o , o n t t ,’o ’ , i~~ ’k of loo ;uo ; l

S t m ( ’ ; ’ o n r b , wo ’atb oer , it’ ot b o o ’r’ mishajo degrade tha t o t t  o , o o o  ‘I t b t o -  t o ~ t , i l  u ’ t o ’5 ,

and to ho ’ ‘ ; ; i r o - that too a ni ,oo o ’ °ro -° o u o i , b o ,’u a t an od the  I roe” s t a t  us of t h e  o o o ’ t e ’ o ’n S

I o , i r - h w , O r o ’  -

0. N o ’ Iw ’ o r ’o, i t v o ; t o ’ n n ,  t’e ;t o € ’t ; t o m e n t

Each of th e”  above N o ’twork  i t ’ , o ’ ; ’ ’, r n o , - t o t  - ‘ o o o i o ’ o ’ J - I  t o int ’ l . 0 j - p t ’ ’ - ‘ b o o ’ - have h o - - n t

s ’ o n no nn , ”o r  t 7 , - h  t o  t ; o , I _ o I  b o o t ,  l b  o ’w ’’’.’ o ’ n ’ , ioi I b o o ’  I m o - i - I  n o. ’ ‘ t o o t - t o  ‘ t o o ’  1,0 ,’ , o
~~o O I l ’ O  o ’ , t , ’bo

I t o  ‘ n o v  t u t u o n o o ’ o I

- o n ’ ’ - x , o n n o o ’ I o ’ , A l i t ’ t o o t  - l  ,i:o o’t- ,t n - _ i t  ‘ - I  I I t , ’  o , o J ’ _ i h - o  I i t,~’ too i tort. too Aou t -t om

t r u n k - o t , - b  b o o,’ ’ ; - ,  1 , h j - o  t o o t ’ ’ I I t ’ ’ ’ o ’ ’ - ,c b o i ’ J  0 , 0 l O O t  o x ’ r,o ‘‘ i t ’ ’ ’  on, 1 1 , , ’  , i o ’ o o ’

; , i tnoj ’ l~ ’’ h  h , o l  a t roo - ;I  ‘b ’ t h o o ’ - h  o I - o o t o ’ , ’ . t o o l  I~~ o ~:° ,, tn - t -  I o n  i , ’. ’ h 0 0 0 ( ‘a li 0 0 0 , 0 ’

‘ ‘ ‘ n o  ‘b i t ’  , o t n ’ : t o o ’ ~ ‘ he  O n  t o o t , , o t  b O t i  . 0 , n~~’ ’ ~ o - - I i iO ’d ’’:’ ’ 1 0 0  0 ’ ’,’ , 0 1 ‘ , u ’

olo” f o ’ - n  SI ’  u n i t  . The I t  i n t 4 , o t o ’ ;  on  r a n t  t o - n o ’  I s  u o o  t O o  1(5 i i ’

~~~~~~~~~~~~~~~~~~~~~~~~~ - ~
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extensive arid perm it not only adequate coverage to rej-lace the PMI’ but also

the distribution of long through groups gives adequate varying length ~- a t ( t ;

to do much , and in many cases the f u l l  f a o o l t  i sola t ion down to the link and

often to the site.

Figure 5—9 is an ATEC Pr i n t o u t  demons t ra t ing  t h i , s simu l t a u i e o ; t o ;

Autovon in te r—swi tch  t runk  (ISP) and backbone , t t ru c t u r e  a st -o o ’ t - t ; m e o m t . Floe

automated measurement assesses the Autovon 2600 Hz tone fret iu ou too ,’v a u t o - h  leve l ,

the noise characteristics of tl,s trunk —- and concomitantly the backbone

links, energy distributions , an-i most all of those channel parameters of

interest. Further , it has been demonstrated that with precise adjustment to

the 2 600 Hz tone genera tor , the 2600 lIz tone can be usc- oh f o r  n n t o ’ ; o o ; u o i u t o ;  o l l t o ’r

deg rada t ions such as f r eque ncy o f f s et , phase j i t t er , et c .  t hat  a t e  ooo’ o ’detb to

assess and control the backbone s t ruc tu re .  ‘( ‘ hose  measurement s  ar c ’ , of

course , made eas i ly  “i n—service ” ( no d i s rup t ion  of any customer s e n v i ; ’ o ’ ) .

There wi l l  be no requ i rement  for a separate PMP program.

Fig ure 5—9 is the ISP measurement  and also time sj ;eet r uIn 1 0 1 0 0 1  of t l o t

t y p ica l  t r u n k .  Both the 3 KHZ and C message however h o o - t v e  ex cc ’no ’ . noise

because of the j o r c ’ a o ’ o o c - o ’  of d i s t u r b i n g  tones , o t  1 h i N t  a nd 1700 H z .  h ’ h t o ’

predominant oiooiee frequency is obviously t I o o ’  s pu r ious  tone ’  , i t 1700. T h e

ATEC instrumen t h o o d  no oliff I c ’om I I  ‘,‘ in  ol, ’l, eo:t i 0 0 - I  I i t o ’  problem , o n o ’ h making -i

hard cofoy j o r i n t  to u t  f o r  t ong oj o o ’r a t  on’  , t o o o h  otis i n o t  s o  noo n j o - n  t o o o m n t o ’  I

‘ i o ; o o r o , ’ 5—10 i ’ ;  a t ; o m j o l e  j o r o o t  0 , 0 0 ,01 of ;o j - } - r o o x t o ’ t t l o ’ I p half t o t  1 m o - n  —

liot b o o  h o o t  o o o ’ I  w o o  k o o i to ’n ‘ ‘0000’0 ~ ’o ’ ¶ t o t .  Tl’oe , o o b o l  I I  0 0 ) 0 0  o h  I t i o  - t o o t h  - o n  0 too t ,  n o - s - - o i l  ol

- -o o n ’ o t - I o - t e  t h e  t o - o r  l o t  U.’ ; o ’r j ’ i e b o u r o ’ . b- ’ j ’ ; o u r o ’  5—1] t O t  3 s im uh0i t v i- u o , o l o , t , o  m o no

______ - - ~~~~ ~~~~~~~~~~~~~~~~~~~~ 
____________ ‘
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of Autovon. The interconnection is predominantly four wire; that is, the

path in one direction is completely independent from the path in the reverse

way . Thus performance assessment and control must be accomplished for both

n o ,,tthi,s. The interconnection ‘on base ’ at the users terminations is two w i r o ’

after transition through a four wire/two wire hybrid for Autovon , but four

wire all the way for Autodin.

The SYPAC network performance assessment approach is generally the same

for these as for all networks although the details are changed .

In all networks the first step is to apply the previously described

in-service signal analysis techniques to the environs of the switch node

itself. The switch can be the source and also the receiver  of t h e  s i gna l .

There a r ’  normal ly  spare input and output devices so t h e  allocation of time

sharing of the on—line processor is completely feasible with no customer

dis tu rbance  created . The , w i l c h o  can evaluate in one direction or looped

as required . This is done now occasionall y by m an oua l i nt er t - o t i u o o ’eI  m o o t .  ‘ l ’ hoo ,’

i o~ t i a  I t - ; 0 lso must be I r ’ ssed . This o ’ , o t i  be h t t o i o ° o ’ ,i,til y ln—tO erV I so’ if u t

Al- ’ - ‘S eye 1o ,nt t 0 m m  approach 
( 1)~~_ ror ‘ ‘-~ u , o  ( °  I —— ~~~ o o u ; o ’d - The o m s o ’ of a ; ; t  r o ss

Box permits each, box , ,‘,- t t-b o t o o t  of dev ices , t o o be - - t o o ’o - k o ’ oh w i t h  a proc jot ,’

n um er o o ’, u l  j o o ’ r f o ”o r n o o o a  o ’  margin c o m o h i o - a t , ° o l .  Degradat i o 0 0 0 , , o ’ 0 00 ’ n J  i o ’ h  t i ’ ,’ ‘ h o t , ’  ‘ 0 0 0 0 ’

to , u s t andard  looioback , o r ’ ’  e a s i l y  dot  o ‘ t o o l  and o j n u 0 0 0 t  i ‘ o h  iii t o r n -  of

dec ibels t t o , o l  or , ,  unders tood by a l l  ma in t enance  m o t u .  - t v , o o o s l y ,  all h o - t o t - ’

may not o o o ” , ” o t  t o o  be t i  ro ’’ tosb , b u t  t h a t  - . i j ’ a h o o  l i t ’ ,’ n o n o o ’ t l  h o ’  , o ’ ,’ o i j u l io ,

(1) Al”CS It o ’- j o e  l 5 ’ ’- o p ~ ’ lb t Phase 1 I o ’ o ; t  T o - p - - t I  , S o - j o t  , 73.

( 2 )  [I On o ’~~ o o t  r o t  w i t b o  l- , e - t  l o o t ,

5 — 2 3
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A~,’TC °JOih 10-SERVI ’~F~ TFL~JN ASSESSNEOT O}jA ONEI , D i o -I R ~’ED

WW wii~~~~~~~.~~~~
’
~S 7~~u ,i e ~~~. ts~ao

RH WN— 51.8 S 249/1 1 04 008-
AV-2 0.IG FR +2598G WN—5 1 ,,8RH SN+31 .7RL WF—50 .6 NF+ 1700
PA +02.O P!—18.1 VO—20.ø M5+00.2 P5+00.1
VTJ—20,O PA +02 .O Sl~+OO73 FR+2598 

M1
~~c30.2

SPECTRUM 6 — ——— 5 —— —— 4————3 — — 2——— 1— —— 0 -- ”~~~1
01 — 6 0 . 3
02 — 6 6 . 3
03 — 7 0 . 3
04 —68. 9
05 — 6 6 . 8
06 —65 . 9
07 — 65 .9
08 — 6 3 . 5
09 —~~2 .0
10 — 6 2 . 9
11 —61 .7
12 —6 1.3
13 —56.B
14 —60.5
15 —63.7
1~1 —61.8
17 _ 56.2**
18  -59.9
19 — 6 6 . 4
20 —66 .9
21 — 67.0
22 —68.3
23 —68.9
24 — 62.9
25 _25.8**** *************
26 —20.1 ~~~~~~~~~~~~~~~~~~~~~~
27 _26.4***********~~~****
28 — 65.2
29 — 6 9 . 8
30 —68.7
3 1 —70.0
3 2  —7i..7
33 —70.1
34 —71.8

“
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I f  t ( t o r t ’  .or e  oo , °v , ’r , ’ i h  s w itc h e s  in t t t e  network , each s wo , t o ’ h i  must  be 
-‘

¶ ‘, ‘ ,; t o - o o l .  Tb.,~ simplist i c t e s t  r o u t  i ts ’s  now r un t o t s ’  o l ou o t ,1 , but clearly are

r o t  otoit t ’io ’j e t , t . In ge roeral , presen t rou t ines were designed to isolate

swi tch  o ’lc ’ctrottm e component hard fa i l u r e s . There is little self t oot

c.i[- o- ib i 1it’~’ for a s n te s c oi ng  problems such as wave shape d i s t o r t i o n s  of si gn al,:

on the i t o t e rsw i t c h  w i r in g ,  connectors , and mismatches at the 5 Wj t o~ k t  i n n ,  o n , , - , - ,

with the outside o s o ’ o l b ,

o t n c -e t ( o t ,° switch is assessed (and acceptable) the next ‘t o 1 - must be to

check the p o t  i j ’ ( t o ’ t  si  aoo t h  i n ter t a - :  i t o . ~ devices  t h a t  the oowitcb i o oot o ’s to coup lo-

into the interconnecting backbone structure. The assessments must incremental ly

extend the scope of the asseto ,snooenos to o -ton, the immediate switch locale o’vo ’r f a t ’ n h , , -r

u n t i l  i t  reaches the ad o . n c o ,’nt  switch tbo rot u o -t h t o m t  a l l  in it o, rfa t - c dev ices a t  both

si t o u t . These t , ’t t t o  must  a o o s t u r o ’ t ha t  t h e  s w i t c h  to swi tch  framework i t t  soul - md and

th a t  a l l  oh o o o j r o o o h , o t  j o - i t ’ - , i f  a n y ,  o r -  g m _ l oot it ot ive ly nteoo t ’t t r o ’ ,i and r o ’t ’t’ oSolo ’ol t’ - o ’

ot to I ‘,‘ . i s  -

A ~- r o o o t oo- o h i f t i o ,’ nt l t y  a t t N  all o o , ’ twt o u ’k - u s  t i t o ’ poor ooj’o ’ratiot o of some -n

a l l  -,o t ° the long sequence of m is cel  l , o n o o - , o u t  ( ‘ ox’ ‘ 1 , - ‘ o h ,  b’ s , ‘ o n t o , ¶ ‘ -r  to , to’ ‘O t to’,, ,

,oo, t t o j o in , f u t _’ n t o , a t t enuot  o o r o ’ t , o ’t o t o d o l  i o o o o , ’ t ’ , j o i l ’ o - t ’ f , o~ ‘ ‘ - ‘ “ n t , ’ , ’ t o ’
~
’u, , ‘ 0 - ’ .,  t h a t o n ’ ’ -

s er ia l  on o I l  c al l ; .  The ¶ o ’ i o ’ j ’ I o t o o oo ’ i n o ; t u ’ o jment  j t u s - [ f  o t t  t o l w , t ’ , ’, ‘ - “ t o o l  t o  a l l

~
‘, i ° 0 , / 0 0 0 ,  n . o ’ t w , o n  N t ,t , t j  l o t .  It ,  j o t  i oovo lv , ,’o I t o o l  . o o o l y  w h i l e  I h o ’ ’  - ‘ o n o v 0 0 ,- . o t j ° n t  0 5 4

unden s o ’ ,- , but  j o t  .o n o o ’ , - o ’ ’ t , o ,  n y  ser 0 0 1  0 I o ’ o o o o ° n o t  for thu” S t - b o o l o o t - u  t h a t  ‘ ‘- I , o (  I t o ; t i , ’s

‘ 1, ’ -  c a l l  iuo t h o , ’  fin ‘ 1  1 . 1 . 0 0 ’,’ . ‘‘ 0 0 0 0  ouo , ,o o , oo o ,- n - w i l l  n o - . -~~ l I h o  l o i s , ’  o n t o n ‘ ‘ 1 1 c m ,

I h o m -  ‘ I  o ’ I to ‘ ‘ - ‘ s o  I ‘, ‘ ,~ l oc - vo ’r , o  I A n t  oov 000 ‘owl I - ‘ h ’s  ‘ - I  - ‘a- ’ ’ b n t , , I  - ‘on , ’ .’

I i m o o t  o ’ r f , o o  o ’  o,’ I - ’t -  o t t  S 5000’ - b o l t  0 ’  i o , ~ , t o o ,  I o h i o o  ‘ -  t o I l y - -, ’ on oo o ’ 0 o I l  i t o t

- ~~~~~~~~~~~~~~~~~ J~~Jfl ~~~ ..Ji,, - ~~~~~~~~~~~~~~~~ ~ ~~~~~~~~ 
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elements  were d e f u n c t .  The percs’ m t i tooje of each class of el o- tu ”t tt - - oo t ’ ficientl y

deg raded or defec t ive  to cause t rouble in ne twork  operation , a t leas t  l 0 .ort - o h
’

the time , was high. Based uoon the author ’s ra ther  small sample , t r , o o o l : l ’  : ; - o m o ’

elements of each type would be more than 15% of the total population . A

recent  DCA study quoted 11% to 33%.

The f ig ure of 15% is not restricted to iotturface devices at the t w i t c h

sites . Tests made to local POX ’ s indi-’,oteo h that this is a reasonable tiumber

also for base functions. Thus , obviously a per fo rmance  assessment to l-proach

to i d e n t i f y  these degraded and o u t — o f - o ; , , r v i o ’o ’ e l s ’ o n i o ’ o o l s  is c r i t i c a l l y

needed . Taking only sliqlut liberties with probability0 ao iv  s i t ot i l e  : , o ( l

through four sw,itches and ,ito,’to,’i,’~to’ o3 peri pheral  boxes would b o , ive  ‘ t o o t  to

50/50 chance of satisfactory , ‘ o o m b o b o - t  ion h o e t ’ .-i o m u - ; , ’  of ‘ minor ’ box , b , ” t , ’a , i , o t  o t n s .

Once the switch , too ’ switch node i not -lo u hing all j o t  l p b i o ’ o , o I  l o o t  o r  o’ ,o-

o tev ices , soo t h  the  i nt er s w i t c h  t r u n k s  I 000v o ’ b oo - o t t  as000 t 000 0 ‘d , the ~oo ’r~ - o n  too, - oo , :e

at;,;essmeomt must  ne x t .io , I o h r e t t s  the t a i l  sect ions t o o  t ( o o  - var  i - o ’ o bo ao -;o ” o -o -

access trunks :,,ih o be o o’ ’ l o O o ’ oo  i ’  ‘ 0  in much t h t o ~ o t , t mo - n u o , i o o t o o ’ n ’ i t o  t h e  t o i l  ‘ ‘ t o ’ . to’ t  I nt’h

t run u ks  . V a r  i o o m o o  ore ’ way s o ’ j o o o 1 1 1 0 0 1 ,oo , 1 c h a t o o o ’  - I assessmeno t to or ,’ ~oo t oo - i ‘1 e , By

use of O t t o ’  swi t ch  o : o p a l o u  l i t y  t o o  o_n , o l l  up  I o o o o l ’ I o ,oo ’ks and ‘ t o t b y  , o v . o  Li, oble

I o ” : h i n o i o j o i o ’ t t  U s i n g  e i t l o o ’ r  loop boick Or ‘ t j t o ’ ’ o a l  t o  , t  s ign a l s  t t i o ’ i th  , o o o , h  a l l  b lue

o , o ’ r ’ u , u l  - h o - v u  t o ,’’ ’, cab be foull y ev a lou ,oto ’oh, Tb ,, t w t t  ‘ I t  ob v t o o o o ; l o ,’ w i l l  have

four t o t  t o - n  ‘ i t o ’  St o , m , - t u r e ,o  , o - o s i b n t o ’ o h .  ‘ [‘ b ’, , - o o n o  bo o t , ’  - t w o  t , ~’ b m o o . t , c-t h o r  u - t o , , ‘ ‘ t o - ‘

will 1, ’’ OI t o ’ t t  - ‘ ( o o ’ - ’ k , ’ o I , o o o o ’lucl i o o - i  t b ’ ’  l h i , , o ’  ‘,ih ~l ’ jo l ,’ini tt o 0 0 0 0 ,~~~ t t i ’ , i l  ‘ ‘ n - o h

L o t  , 0 0  - m m - t o ’ f ’ o ~ ‘t o o t  0/ n o .  In tb ,  A o o l o o ( o n  ne ts - n P  tboe O w , ,  ~ o 
~
, ‘  o ’ a I t l  i o n  , o n o

I t o ’  I o ‘ t t ’ o  j t o o l  0; w i 11 l o t ’ 0 0  0 0 0 u ’’ S t  ‘ ‘ - I  ‘ i i  io ’j t lie r ‘ ‘V t o  - u - b y  th u oot’to’o - ‘ o ’-l I o ’ , ’ I o o  - 0 -

.
~~~~~~~~~~~~~~ “° ‘
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Thus t h o c  switch ’, node is in r e a l i t y  in clo,m rqe of a small reg ioru and is

responsible b - o r  th e ruoutine performance assessment of the entire region .

In time case of Autodin , it is quit o ,’ reasonable to expect that a norma l

switch under processor control could check each terminal frequently without

causing either delays to messages in the switch and by judicious selection

of a time wheto no traffic was either being sent or received could avoid

ic-lays to customer traffic . It is envisaged that the check of each ,- ; o ’t - f

terminal  ha rdware would be to preset oo ’r form anc c  marg ir u t lo ro ’o -oh o o olo ’t ao ;uo t o o ’iat ,’,l

t o o t h  tha t  modem and te rminal  type . The St  c-” :, [ ,(X)h”b ’ O , O o ’k Box w o o  ( . 1  , h i , o l  i n

the app rop r i a t e  s t ress  ,‘o o o o t  a quick loopback t e s t  accornojoljsboed. N o  o ’o m t ,ioo, -

periods would be required since , if bit error r t o t e  (herb w o ’ o e  to be the

critical degradation to be as se t t o t o ’ , b , t h e  o t t  T o ’ ,;,-; c - t o m b  ° to o ’ o n ; ,  i o :k 1’,’ i ooo ’ r o ,’, o o o o ’ o i

f rom an unstressed [0,0,-t i t ion un ti l  tb oe o t t o  t oO ,  ‘ - I  ber ’ o’o’ - o o ’ I o o - one ito One o

t o -  too- b c - t o t ,  (Ito to 10 000 ’ r o o o j o o ’t Ott V cewed by ‘,h,e t ; o m l ,’,; cn ’ thor) -

t t l , r e t , o o ’ o t  bit - ‘ n  r -o n ’ i ’ , o t , e w , o o -  used above t o o  i i  lustrat o ’ ott ly, alt t o o

-01 n’ et -oo o e , b hoo t’ is o ’o’ o’tainly to o , ‘X o ’e[ , [ o ’ n t t  ‘ t o  ¶ t r i o  I ’  use a t ;  a joo’o’ ’, - o n’ n ’ o ot , - --

ast-o e o , o o n o u o ’ n u l  - A ’ ;  m o - o t t  ior oed in the f u l l  S’YPAC, ’ o h  i 0 0 0 2 0 u , ; o - t  0 0 0 0 0 , l I t , ’ sI no ’u o ,t 0 , 1 00  o~~t o

to a ‘ t o t  t o o t - - sb h - o r ’ l n o — o ; o ’ r v i . ’ o ’ of one in 0 0 0 , ’  hutidred w i t h  no 0 - r n  ‘ t o  e v i - b o ’ o . O

to t h e ’  c o t o ;  I t oo -n  -

E . Ne twork o ’o ’ o t r b

I I  b o o ’ I iv’ t oo  t w o  “ ‘ 0 ’ oat h o - n  ‘ u ~ - n ’ - o -  , o - ’ , , t  n o o o o n o l ’ o  t ’ s t  - ‘ ‘ ‘ n o - h o ’  n , o n o r o _  ‘o S , ’ ’,’ , 0

‘ ‘ ‘ t o , ’  o t o  ‘V 0 so,; - ‘ i t ,  I’,’ ‘ on ,001 }” ’ I 1 t o  ‘ to ot no - t o o - n  a! o ’, o ¶  0 - - n o - n  jo’s: o o ’oo’g 1 - - ¶

b o o  , , ‘ - , 0 0 - I o t o ’ o  t o o - h h o - b  t o o ; n 0 0 0 0 t 0 0, h o ’ n , - - ’ ’ w - ’ n  N l o - ’u i ’j n e ~’ I - 0 0 0 0 t H O I ’ t ’  o t t - I - t o ,

I ,  i _ O t t  r o o t o t t  1 tonu o~ ” t i n ,  t o O  o i . o j  t o o  O w , - o k  j o t  ‘o” t tot u o 0,

~~~~~~~~~~
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The previous sections of tto it ; report have concentrated upon the m a t t e r s

of network l - e r f o r 0 0 0 - 000 ‘o ° ,t s s eo ,t oi on t e t t t .  A l though not sumonoar toed sepa ra te  ,y ,  a l l

discussions related to switches or terminals includes as part of the [oerf000:’oao, o ’e

o a ,  essment examina t ion  and evaluation of the included network software.

• Th~~”çt~~nform ance  of the hardware and software is a prime SYPAC c o n s i d e r a ti o u , ,

Policy mat te r s , ~nopecial  in te l l igence fac to r s , special col lect ion s t ructures ,

and military tactical and strateg ic matters all impact traffic control

decisions and thus t r e f f i c -  control is not solely a SYPAC ma t t e r .  It is a

SYPAC matter , bi,oa’,,’vo -’y , to he so ot - os t :‘o,~ I I t , - mecha ’ui, torn is itt ‘ o O O l  ‘tO t 01 o ’~i in n, hoc--

hardware and software in DOD communications to accept any needed controls.

The network con trols  for  each of these three elements  can be su m m a r i z e d

as fo l lows :

1. Control t h e  cormduct , the priority, sequence scheduling , and

“.‘rsonnel ass ionnu ed  for  a l l  per formance  assessment and f a u l t  i so la t ios :o  ~‘ot

network hardware including :

a. switch o ’ooonoor,”heoosive self check

b. switch t runk checks

t ’ . s a t el l i t o,  base exchanges  so ; ,;o ’ssments

d.  s a t e l l i t , - ba o ;e , ‘ a l o l o ’ j t o o t  0, , o , 0 0 0 , ’ - ; o ; o o O o ’ o ; O

e. major repair , e ~u o - o no ’n o t  , ; o u b - , ’;b jtut toot ,; , fault oso l .ot u .on o o t t , ’ ,  0 ’ -

f - ‘t w o  t o h t  o ; o ° I f  load t0, - ;,,e, ;:t000o ’Ot t

, ‘ o ’ ,n o l  t o o l  l i t ’ ’ o ’ X o ’o ’ t ’ 1 0 0 ,t too l  ,o o u , b  - ‘ j o - n o t  o o ’ o o , o l 0 0 0 ; ’ of  n o - t w o N , ; ,  - f t  s o n

moo l i f  i t - a t  ion co t  e ro to ’ ’, ’ l oo o ’ b o o o b  i n t ’ l

b ioo0 ‘ N no , ’ , t 0 , 0 , 7 0 ’ 0 0 0  ‘1 1 1 ‘ ‘ O O  t o ’ ’  I ‘ - ‘ ‘ ‘ 1 , ’,’ t o ’ . I I - O o  - 0 1 n no’’ ; , ‘- n’ - - ,

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ , ,  -
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connoroun lcat io t ’ , t - - i toH -n  f r o m  - o e b e - ,’t ,ecj por t ions of t h o c ’ net for operational ,

exercise , or mol ot l o ’ O O d O i O ,’ o ’  purposes.

b . block codes to prevent entry of communications t h a t  have

negligible chance of completion.

c. near realtime sof tware  and route selection changes to r o - l i -ve

congestion , equ ipment ma l func t ion  or des t ruc t ion .

d. a var iab le  ‘ Min imiz e ’ to accept cal ls  for delivers off ,t , mon te

switch or off switches that can be reached ever less fully lo o .’m ,i o ’ - h  t r u n k ,

and can accept all ca lls  from p r i o rity  one customers and cal ls  aPt” ’,’ ’ some

present communication threshold priori-tv , ~t,c,

3. Implement control of t r a f f i c  by exercise  o o f :

a. sof tware ac t iv i t i e s  eover o ’, h above

b. control activation of additional trunks

c. call up , ,ot e l l i to ’ ro to tmt o u t  b ’,’joattsing 00000I,°,tt oH “, S ’i t c ’loe t -° or r e t  tons

d. r econ f igu re  the network  by a d d i t ion of n o w  ha rdwa r e , to o ’ s ~~~“

o ’ o t m t o ’ o ; , ,~ t ttI  other non— ,’ ’ 0 oH b i n t o ’  a c t i v i t  u o ” s .

F. Summary

Tb nu s i t  is obvious that  mu - b ,  t e c h n i c a l  i n t l  o oro:, ,ot ion can ho ,  uo-,o” - ( b o ”n ’ m o - n , -

than one j o o u r j - o o u ” , l’ o ” r b i , i b ’ o t  l i t , ’  key o o v o ’ r a  1.1 “0o;-abu lity 7 - I ’ ”,’ 1 , b o ’oi I”’,’ t h e  I ’ o’I ’A- ’

o ’otto ’t’j ’t~, I’, -o s ’ ’’,’ , -r , is ‘ I t o ’  o t to ’ m ’ o ’b ~ nod,’ - ’ ’ t o t  ‘ ‘t o t oi , ’tw oo rk j o ’ ’ o  h o - r m , o o o o ’o ’ , ‘ o ’ o ’ ,, ’ - n , t , - n , ’

‘111*? towi tc-h’t 01010 to o ,  ,‘io ’ceoo S ‘ - ‘ ;  a l l  01 l i t , ’  boac kt’-’o o o ’ ’ ’ o ’- o ‘ I - t o ’ ,’ at-os o’ ’ - m o - n o ’

i n o ’ o - y oo o ,ot ion t - ‘  - ‘ o t t  n , o ’ ~’ the ‘I ‘0 t us of o i l  to n j  - - l  ‘ o v’ ’ c i, - t o  0 t v ;  o n o l l  of  l It,’

s m ’; n ;, o l o’v,i ( ot , o l ‘ ‘ ‘ no to - I ’ l l - t  l I t , ’ ’ -  I ’  ‘ n o o n ; ’, - loo ’ , o l t  h o  - o f  I N ,  - t o n  is ,u - - c ’ ’ ’ i nt ’l

b o o ’  ot s’ 0 I c-h; ,o 11 cot 0 
- ‘ - 0,00 0 0 o n . , m l  t o o - b  ‘to’ ’ 0 0  P s o  t 0 , 0 1  I o n  ‘ 0 , o o o -  - ‘,u ’’ c - - t o n i - n  I

‘ ‘ ‘ 0 0000 ° ’  i r o n  - i t  0 ‘ n o ’ ;  1 o nen to ° c - I ’  - I t ni , ° ,1 ‘ ‘ - t toot ,’ 0 ~‘~ - n w i t  - t o  - t I  to ,  I t _ t I  b 0 ’  0 , 0 0 , 0 1  t o o

~ I
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- m o o  unusua l  stress; a l l  the internal tet-nnoinal/devio,- t ’ sell ’ 
~e r foo o m,oo.s,’

a sse , :o -omt ’ooto ;  to ascer ta in  floe- o ’o ; ’ o ’r , i t i onal q u a l n t ’ , “ ' I ’ a l l  s t i l ts- - n  t h o t t e rn ni n al s/

equ ipment ;  a l l  ne twork  product ev a l u a t  o oso . t t~o ’o j ’ i c t  o r ,  t O e ’, ottc ot ’n i t o - u  j’n ’ . o o mu c - O

and stressed evaluat ions in those cases sh o r t - it is app licable oooo ,i , : ‘ - , n o r , m h ’ I , ’ .

All of th is  in formati o tu  is to be pr o:oto ’Io t eol iou rc’du,,o’-I f or t ’ , on o u n i t  t o - b

display at the swi tch node and f u r t h e r  o’o ’ oIu ,n’ ’ - l - l i t  - t  ~~~ ° - t o o ’  - cO t l , ’ the

overal l  ne twork  area manage r .  For t he  f i n - t o  t i m e  ,t h o - j n i , t l - t o O ’ - 0  w ’, ) l  I , -c ’

ava i l ab le  —— in a h i g h l y  syn erg ist  t o f o o t i o i  s u lt t o b i o~ f o t - o  o f f - - t I  ivt’ to o t - , O ’ t ’ - t ’ t ’ ’ i t i  -

In the earlier r e f t :r , - o t c - t , o o  to b u i l t — i n  self  p e o ’ f o ’ n ’ n ’ o ’ m n t ~ - ’ asse, , tos , ’ n , ’

both th e  concepts 00 ’ O c u t — - o f — -- ; ’ ’  r v i  - ‘ u  ~ n;1 i n—serv i ce  wo ’r ’ envi co 7 0  - b  - I n  is t ,  - ‘

t h i s  capability controlled locally f o r  opera tor  in - I  m a i t ; t o ’ o o o n t - ” u ”  H o ’  t o t

basic , but r~~t h o o  ‘ i t  is this  c u m u l a t i v e  a b i l i ty  t o o  assess in— ‘ - t o  n v ic e  to ol

loop ba -k and produce n o m o o t t o t i v e  r e su l t s  t h o t  is co ’ pi t o ’ o ’ ol f o o t  o o ’ t t t - ’ ’  , , o - ‘ ‘ - t o

an d c o n t r o l .  i’ is ‘-his cenl  ra ii zed , i , t s e , ; a r m o , ’o o t  0 hat to o l  l v  n - “ t o o  key I - -
assessment  atod optimization toot h ‘onosurrently j o n ’ oc’ m l , ’- s ignib o , tn; o o - , ’, b o m - -n t o ot- o

in manpower nio” ,’olc’oh t o  oj t e r , t t c’ o t t o l  m a it t l a i on t b , ’ ne tw o r k:

‘ 1 1 : _ i t ;  i t  i t  obvious  H t , i ’ o o o ’ t  o n l y  i s  H o n ’ ’ ’  - u  v t a h ,o I  o ’  ,“t ’o t t- , ’, ’j - 0 ‘ - 0 n o  O s - - I  P

in— ,’oer’;u-- ’c- self I- o - n ’ to orm ,too , ’ o- , oo , t oe, - t - tt nio’ t ; t , 1 - t o n  it  t o t , ’ l e t ,  l a n  i b y  - I  ‘ ‘ ‘ - n . ,  ‘ 0 0 ’ -

by ATEC , I t o , - b o - o l a n c e  ro ’, b o m o ’ o’ ,i to ~ - n : o , ’ l  t o ’  m , i n . o m - i l  b y  o ’ b o ’ - 0 b  - - - t  t O o l  -

0 t n j ’ l o  ‘ to t ,  ‘ O t t  ,O  0 o t t . 
-

‘

T h o t t o  000— , - , ’ rv o t ’o ’ nehw oo o ’ k t ; y o t o ’ m  ,,‘ ‘Oo t , I ttot 0 n o 0 - - o ’tto , ot 0 , -n o . 0 ’ ’ o l e -  t o : ’  t , i l ’ - ‘, ‘ o 0

- o o n n l o i n o ’ ’ - h  w i t b o  H o , ’ b , , i o i w , o  r,’ to o ’ lf j o -n b o ortn,00,, , ‘ , m  ,, ‘ t-oo ,t ’o o- o , ’ 1 , 0 0 , ,  s - i l l  ‘ n m ’ , ’ o ’

o t t  m c i  o t t ’ kn; - ’~’lo’ o io ~o ’ - a t o - wo ’ o  1 1 0 , ’  k ’ ’’0 ’ ‘ ‘ i T o  0 0 0 - ’ . t  1 , 0 0 0 ; , :

I s  I i t o - n  0 ’ ‘ 0  n i t - i  w o o  P j o n ’ - o h I o  ‘ 001 ;’

Wh o ’  - t 05 0 0 0  I h o ’ - j o t  - oh - ‘ ‘ 0 0 0 , ’

I s  l i t , ’  1 0 ’  0 0  1, 1 / 0 n o  - t n ‘ - t o o l ?

- -‘ - ~~~ A
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These are the issues that must conCern management , and these are the

matters that must be answered before  any e f f e c t i v e  managemen t or ’ technical

control can be a t tempted.

5— l b  
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‘JI . SYPAC Inoopact

A .  In t roduc t ion

It is clear that as effective system performance assessment and control is

provided to the DCS , it will provide the means to dramatically improve the

operational ‘,,‘t f e c t i’,’otness of m i l i t a r y  corrornunications . hbowc’ve’i , to ac tt i , - ’ :os

the maximuoot osoro~~tt t there must be significant alteration of the supporting

t i n t  ;,verto e’acl structure , at-cl a dramatic re— oxa001inat ion of a l l  f a c e t s  of t o o ,

o i, m i t ooing , development , procurement , operation , maintenance and man-’o-nem , - o ,l of

t t . i o  total  c000,,0000’m i c - at  tan en t i t y .

‘HI  ,inu t , ,,, o o , o  w I t  0 , o , o  h r o o ; ; s  t o o ’ - - t o ol ; t m t o ’. ,~ t c A  ly  promise that t ti o’ boc-nomen a

i ; ; 0 0  - , n ,  t cod c,oo be j~ ,no~ f a s t e r , ho t t e r , and cheape r .  I bo ’w e ’, ’ ,  -r  , i ‘eel ol e  a lt o

i t u t - o n o o t - , - may or may not accrue t , t o c  ; - r o o o n o i , ’ o o ’ - h  g a ins .  The f :o  o l o : r o ’  b o u t  , , 000 , ttjon

~~‘ ‘ cho ic er ‘Ut U I - t a ” 1S not necessarily the fault of any one group . The

t o o - - t b  f o r  au toma t ion  can o n l y  be o ’ x j ’ n  ozssed by the  050, 0 ,00t o l , ; j - ~ t ,i to ’-t , 0 0 0 0 , 0

on ly he “ i n ,  be sure Hoo t a l l  U t  the del iv e re -b  ‘ ‘ I  o’ o oi,’oot oo ~or o- h r  c ’l o c ’ri y matched

t o o O n - - o t t  b t o 5  ‘ O e o o t i  —— o t is I t o t  i le to an - t om, ’ t h o o t  I t ’;, ’ ho’veloper t m t o o h o - r : t  o t t - h o -

ope o i l  i , o o i , t l o o , ’ ,,’o h .  The -~~o i o i t -; , bioowo ”~’’’ r , ar e a c h o o ’ ’-, ’ o h t i o ,, ’ ono ly  o h  a l l  c’o,’b t e lo ns

- f floe’ o ’c o o t o r n o m : o i  ‘ m l  i -oct or-j,’o o i i z o t  io,io t n ’ ; t a k e  a l l  of ¶ t o o ’  , - o o n ; - - o , m i t a n t  s t o ’ j - o ;  o t ’ o j c m m n

t o ~ O 0 ‘ O i O’,O 00 i o t l o ” o r , o I o ’ o h  o j o ~ - r o c o c h  to t i , ’  l o o l i l  et  l o o r t  , i t o c - l u d i n o ;  - o n  o , o o t u ~~ , o t i o o i , i l

b o , o o  - - ‘ ‘ ‘ ‘ ‘ O ’ ” 0 0 ’  w o n  o ’ , ot roh o ’r’to’tr ,,’t - , , o o o -  0 j ’ o ’ r ’ n o o t o o o o ’ l  —— 0 -  - t o o l  000001ayemc’ i ’

B. O’~j ’ . ’ n _ o O n - o , o I  , on t ; , oo ’t

l I m o ’  , ‘ o t o , o - ’ , ‘ O m u  b o , o t o - ; t ’ , o ‘h i s , n u n t o o o ’ o I  o n  ;‘o’ l - A o  o o h ” , ’ u , , o o t , l ’ , w o  I I  b o , o y o ,’ , o  ma n o

, ‘ f ’ i o . , ’ t  ‘t j ’ t ’ t i  I I ‘ j o n 0 ’ o , ’ t o ,ii 1o’’ .o o ’ I o , .

0 -o— 1

_ _ _ _ _ _ _ _  
____________ - ----- -4



1. Improved Performance

The SYPA C o~, joo’ooo o,h o was orig inal l y posed in t~ nos SATEC n ep ort as

cost effective based upon grea ti ’.’ l 000j - O ,’o ,o VtOh communication c a p a b i li t y  a o t i o o ’ , o t

s ign i f ican t  cost savings.  This gain was to be achieved by reacquir ing t I 0 c ’

inherent  - --ir foronoance achievable by the plant  in place.  Scope Cr’o o e k  v a l i , t l a t e - I

that 15 to 20 db of worldwide degradat ion had occurred.  The 1’MP was fo rmula ted

as a manual equivalent to SYPAC , both to demonstrate t b , ”  concept o u t

to recover some portion of the de t e r i o r a t i on  to the system . Bothm goalo’ w o o  co

me t .  The SYPAC concept c l ed i ly  is viable  and a 7 to 10 db itnj ’iovo’roe l t ,

worldwide was documented h oo e f o r e  t h e  A i r  i- ’ orce management  s t r u c t u r e  w,is Icc- i m t o t  o h  -

2 . Manpower Savings

Technically ott ” t t t ~~ personnel can readily convert j o - r h  u t o o t , 1 0 0 0  o ’  o’ 0 o i n s

as ‘ ef f e ct , iv , - o t , ’ so o ’ to a f ov o r a b i ’ ’  cost e f f e c t i v e n e s s  f i g u re . 0’l a o o y

administrative personnel , budget accountants , and un to o r i o u r o o h o - l y  even some

communica t ion  managers , are unable  to grasp in deptbt t echnica l  g a i n s  o ’ u ’ o ’ o o t ’; t

avoidance hu t  must  see cost o f  f e c - I, i veness  in pure  d o l l a r  r u t b u c t  t o - n o  t o -n - mo- .

F u r t h e r , these do l l a r  sav ings  I ro ’- j o i c ’ o t t t  l y can onl y be , ‘ o t ~’ i s i t o t i o ’ , 1 t o ;  j’o’rus ooo on el

t - , ° o b u o t i o o o ’ , o . In I I ,,’ c a t t e  of SYPAC , ma ’ton - t~~’c’htti t ’ ’al jtO °t ’ l t 0O’ O~L O O o o ’ c’ o t a m o m u ;  and a lso

significant personnel savings ar- concomi’ antt iy ;ot ’ l t i , ’ v , t b o l , ’ .

To achieve t b m o ’ n ; e  c o a o  t o o t  I Ito-n - ,’ at’’- 0 ‘ ‘ b o ot 0 ; ‘ ,il ac ‘ ttto Sloo’oo h i t  t o n s , l o u t  moo - c’

i 0 0 0 j 0 0 0 0  I ittl I ’ ,’ , there an ’ ’’ maj o r  a n t o b  bas ic  o o ; o ” n ’ a t t o n a l  o ’ ht , ’ i o o q o ’ ’ ;  n’ o ’ ’ j o u m  n ‘ ‘ 1 , n o t - b ;

t’ i mo on oo’ tto fo ’o ino I o ’ o ’ I o o o i o a l  - I i  I - - I  0 0 , 0 0  ‘t ~ I boo ’ o-yl’Ai ’ t o o ’ -~~j o ’ 0o l o o n ’ - ’ -w o O  I , ’ h -  ,

,i,’hi jo ’vo’ tb ’’ I o ’ o ’ b t n t t , ’,t I j o - n ’  lo o r’Tnt ,o oo , ‘‘‘ , it t-I tI ,;,’ t o o  t o ’ i ’ o o ’ ’ t  t o ’ro o o o  1 0 ’ ’ ’  h o - , ’

o n  li ne w i t h l i 0 - , i o u t o , n ’n , i t  ‘- b  O’~
’j  i ’s ’ :1 n o t - l oin , ’ . Th~ ,‘t o, 0 0 u 0 1 0 ’’- ‘ ‘ 0 , 1  o ’ ’ . t ’ t ,  o - - t m - n I t - ’ 0

I b o o .  - ‘ 0 - 7 0 0 0  0 , 0 1  1 , 0 0 0  I on ’ ’ ’ ’  I I h o ’ ’ - ’ -  I ,‘ - b o o t  o - i l  t o o - h  po ° t  ‘ - - ~~~~t~~~ o - i  0 , 0  t l s  - o n  0 I t  - - 0 - - - ‘  - - I n o t

h o t  i i i , in ;Yj ’ A ( ’

-- - ——— - --- - - - _  -



C . Organizational

SYPAC capabili ties will affect every level within the comm and.

• The site squadron , node, major  node , reg ion/group , ar c- ,;, and IIQ o,’,o’bt h ave

opportunities for 000ajor organizational changes that result in total cooonmand

personnel savings , while achieving greatly Improved I o ’ -c ! o t i  t o ,oo l Jo ert t o o ’ooo,s; t ’ o - ,

The SYPAC report covers in detail these impac ts at e~ c-b: level.

In summary , however , the affects are :

1) Site —— The site functions wi l l  be la rge at o o ; , ,’oo os o’, d ro ’onooto ’ly wit it

- ‘ ‘ o tt rco l action centrally managed. Maintenance activities w i l l  be r e t j u i u - eo i ,

o t t - h by h o ’ n ; o o  s k i l l e d  persooonel.

2)  No ‘ - h o ’  — —  The t o o t h ,  - is a confluence of ‘to vo ,u r . i l  RI’ o , o th s  t o o t h  i t  o

c o n c e n t r a t  ion of o ” j n u o  7 o t n n o - o ; t,. It will be clas-o to - ,b as to t ; n l o ’ . Si to Ot ’  i t is

large i t  w i l l  be m i n i m a l l y  m a n n e d .  I f  a tech e ; o o m t  r o f u n c t i o n  c - x i s t  S 0 1

‘w i l l  obviously  requ i re  ‘ o o ’ootn e c o n t rol l e r s , but the bulk of II; ,, o o o o ro ooo h ‘ 0~~

cont ro l  tc - I ivi,t to’,;, cxc ’o ’jot j t , o t e t oiomoj , w u 11 be automated by S’o’ l ’ A o ’ ,tt o o h ¶

compe t , , t o e o o e o n , t e d  of t i t , ,  j o t  -ot -oni o mo - I can be reduced from t boat  j r ’ ’ 0 0 , 0 0 0 1  1 y

n o ’- j o t  i t o  ‘ o h .

3 )  0’t, ’o~~or 7 1 - o h , ’  — —  The ma~ or node o tto t h , -  l o o w o ’ o ; I  ,o t ’ - O , i O m i , t , , t  t ,00 t ,o l

lo ’voul si r’’ I rot ,- n , ’ ,’ ’ ; I  ,, 000 0v ’t  l v i  I ies - o r ’ ’  n - t m  r - ’ m t - d  , ‘ I t o , -  l a n - - t o ’  t o ’ , ‘ I ~ ‘ ‘ , o ot ’ ~‘ , - -

n o o - n ° nn o , o b 1’ ,’ c o l l t s o , o t o ’ o b  wi th a :;wot:ch , ,ns soom e r o ’ o ; j- oo oo s jbjlj t ’ jIo ’ s f o - n  nn, ’o n - - n - - ‘ ‘ ‘ o n t o - n o t  no

of I - t o , ’  ne twc ,rk s , works  c b o o t , o ’ l o ,’ with I b o o ’ 1”,’ o t j ’ o t i  (riCA l o i n ,  n ’ o - o - o ’ oo ’ ly  ca l l o o t  t b o i s

a t o - c t or 1 0 0 ‘ O o O j o j o o o r t  the  m o  to  k h  0 0 0 0 0 , ’ 0 1  I t o - - I O i l  0 O  a s_ t o ’  n o t ; 0000 ‘ n o t  . i rooi  colt ’ t o o l  . Tb .-

t o , ’ o h o ’ ’ r n ; o o o o o t o ’ l  a s s n o j n t o - - - b ,oI .1 ‘Ialor 0 be t o n i c  t o o l  - I t o h  0 , ’  o t t o - I l l y ,  b - t ’ l i t ’ ’

¶ ‘‘o’ t t n nc a l ‘- ‘conno l o o ’to ~no’o’ w i l l  b o ~ v, ’ I , ,  he up -  I - r h o - - I ,

- - --~~~~~~~~ ‘-  I1_ _ 
~~~~~~. , , ,



4) Squadron — — The Sqcoadron w i l l  cont inue to be an adono in is t ra t iv e

and housekeep ing  o r g a n o z a t t 0 0 0  with little direct communicatioros onois sion

impact.  I t  will be viewc-d as a connomut ;i cat ion  s i te , and mi nima l ly n o ia o tn , ’ ,b .

M i s s ion  m a t t e r s  w i l l  be assessed and c o n tr o l l e d  by the Reg i o n t t 1 - ’ -n ’o ’ n o ~ ’ .

Flight facilities , cof course, o to ta  wit it the Squadron .

5) Region/ Group (Sector)  —— The Reg i o n /t or o up  is the basic  c o l o n s - t o t

in communication system asrt o’ossment and control, i t  its responsible for a

geographical  segment of t h e  total system. The assigned geograph ical area

is large enough to provide an o j o , u r o ,o t i o o o : . o l v i ew t o t  tto ignif icot t ’ o ’ , but close

enough to the  , i o o t i v i t ies  to I ‘‘ o, ’ l 0 0 0 0 0 ’ , o  I l y man age ‘ i to h ‘t t t t o o l  th~~ a ct t o r t s .  I t

is the  lowest e lement  tha t  b at ;  a v iew ‘f a m aj o r  port  ion of a t t , ’ t w c o r k  a o o  I

such ant be expected I c~ a s t ; o m r i o , ’  a numbe r of - h  ‘ ‘ - - ‘ ‘ 0 , 1 ‘i I ized n o - I  w~~o ’ i , o ’o ’ o o t  t o ’

f u n c t i o n s  under  t he  o j e n e r , ’ol  ‘ t o o t r o b  of  ~0CA . I t  it o  I i i , ’ j o r o o j o c - I  - o n  -~ . o o o t  , ‘a t ional

level to assume res~oo oi s i b il i ty  fo r  a number - o f  base cootnm 001oi I t  0 - 5 .  ootnt j l o x ’ ,’ , -

s ince many of t h , ’  or ‘ to o - nt  d i f fi c u l t i es  r e s n - I o ’ on I b o o ’ bases and 1 , - n  o v e  f r o m

the lack of i o t b , ’ o j t ’ , o b  t o n i int o any hi gher ar d o r’ ;t  r o o t — l o o n ’ - and l a ck  t o t  t ; y t t ‘not

corotext by t b , ’  l o a n ; , -  t ’o m n i o j o i i c : a t i o o o t  j - o ’ o  o ; o o n t t i o ’ b

The p e r t : o o n o o o o - l  t e c h n i c a l  q t i a l i f i o ’ t t  i , n ; o t  w i l l  h u a v e  t o ’ b -  - m j ’ o j n ’ , , o t o - ’ t .

Tech n ic a l l y  c 0 0 0 l n h o o ’ b o ’ O t t  o f f i o , o e n ’ s w i l l  ito r o ’ o j o o i  t o - - h  i t o  n t O o o o , t p o s ot  i - o n t o - .

to) The 00 0
,

0- - i  I tt , b o o ’ o n g  t o o t , ’ , ’ h by o ct’ c o o t  b 0 ° ~’ c o o t ’ m o o , ’  a j o - - b  c o t : , , ’ ’ l v

o t t  - o  t f o t o ,m j’j ooo r l ,tom , h proo;rarnlti i n o q  h i ~ o t o ’ I  0 0 0 0 0  n-t o m - - t i  t o ,  H u n  - ‘ ‘ ‘OtOOli lot o ’ t  and 0 1

o o o j o j o o o r t t o o  U SIU”E .  ‘to ° eh io ooc,ol onanaqemerot i - I  i v i  1 ’ , ’ o n t o ’ ,- be r , -s on n o ’ t o - - b  I t o  00 ,0 00 0

- h o ” ;  t o ” -  t o , - t o o l  o o j - o o n i  b I t ’ ’  , 0 0 o l  on o o ,o t “b  n o - j o t o r ’  I i 0 0 0 ;  i t o h b o o t c o - - b  ~~- t o t ’ o o - ’ t  ;‘o’ l  A -
‘ so o n” -

n ’  - ‘ i o n - ’’ r c a i b o o o ’ , o t o , , l o t b ’ ’ ; ’ :  i - o - ’ ; i  ~~t o ~~~ t o o  t j -  m - - o o u o ; o h , t n  t o t ,  s o i l  h -  ‘ ‘ ‘ ‘ - i t - I . ’  i t o h

t o — - h

— 
_______ _______________



broad guidance can be exercised , There is no possibili t ’ ,’ t h a t  the Aro’ ,o c - , o o t

re turn to its previously dominant  0 7 0 , -r at  i t i o t o l  arid L e c - ; o o o i ’ a I  m 0 0 0 , i o r - o o o o ’ o o l  ro l” ,

7) The h-!Q under SYPAC will have a flow of t r u e  m i s ’ , - i o n o - t t t o t - o~

i n fo rmat ion .  The actual condition of hardware throughout the commao’md w i l l

be known and wi l l  be val idated by corre la t ive  , t o t , o , No lon ger w i l l  t h e

command have to accept personal self-assessments and i I o ’ o o m l o ]  o ’ l  ,‘ o t , o t  , o ,

(Flight facilities again excepted .) The command st a f f  then can (‘b o r a t e

on t h u a t  h i  ta an t  tie ,- i 0 ’ -~b by the commander. h I  the  connmao o h ’ ’  r I - - c o o s , -  to t o t  - j ’o l icy

mat b o - r o , the SYI’ Ao ’ o b , o t : o  w i l l  j o n o o v i l t ’  o n t o , o n j i , o ; h ’ o I  1 0  t o o t t n o , i h  i - - t o  u },000’o ~‘ t , ; ’ ’ it  to

base meaningful formulation . If the comjoiattder chooses to play 0o mcor ’, ‘i c - live

role i n  t b ,’ miss ion  a c t i v i t i e s, again  SYPAC d a t a  w o  11 f o r m  the o o e o ’c ’ t o o ; , o r y  i nl ou t

data s t r u c t u r e .

SYPAC c a p a b i l i t i e s  w i l l  sharpen the l ine  of d e m a r c a t i o n  t o , ’ I w , ’,’ti t b ’

Air Force and DCA by providing ;‘t d o ’- j o t a t o -  i oo fo rm a t i on  t o o  o ’oo ’ i t  I ,  accom~o], ish

his own complete task without resort to encroaching upon t b , -  o t b o e o ’ for da t,i ,

The logic behind this st,o ’ ‘ -on - n o t  is , - o o o l  t o  n o - o h  i n I h o ’ ’  t o t  l o o w i n o q  F o o ; o n r o -o o — — i

and 6-2.

No i n fo rma t ion  in aow part of the o o y o ; I  ‘too , whet b o o ,’r ’ r , ’ i , o I “ o h  to

hardware status , maintenanc e ac t  i t ’ o n o t ,  i t o  progress , t o o t  I ic f l o w , t o n ’ trunk

i s o , ; , - , is l I t ’ ’ solo’ and j t r o o } o r i o ’t m r ’ y p o s t ; o - t - o o ; i - o o o  o ’r  m i t  o n ’ ’ - ’ 1 - ‘ 1 - n o b ’s l I t , -  Air

b er t ’’’ . Th e key p o i oo l  i n - ;  t ha t  if  t b ’ ’  t ’os~ i ,‘j o ; o ’n o o ’ j o -s have ,oi 1 o h  th in ’  l o o n - t w i n , ’

o ’ o othO jo otoo’nil s of t h e  sys tem ‘ l i k e  t o ’ s ’ ’ I b o o - t o  DC/\ o t t  t h e  i O n ’ , - , - o f  t o o l  - - o n n o n , o n o o h  t o o ’ ,  o h

only k n o ; o w  I l o i s  m o o  o r - h o t t o o  work on l I t ’ -  : ; y o ~ 1 ‘II customer so t  o o f , ’  0 ‘‘no i so ’,nn , ’to .

l b  I I , ,  - h a n  Is, 0 0  - is ‘ h o  “7 1 0 1. - - I baoi ly on 0 0 1- ‘- - i i , ’ , a- I t o ’  t - - t o u  1 — —  bo,n ’ - i i i  —— -

~~~~~~~~~~~~~~~~~ 
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ino fornoo a~~ion must be provided to DCA in order for  th em to pursue tboeir goals .

Conversely, if the hardware is normal -— less tbtaoo like new but above marg inial--

and some porticon of the it-n storks are l o o o t h l y  s tressed arid f a i l i n g  t o o  1-to ’, ’ o h ,

adequate subscriber ,oc,r’,’iCe , this tact is not tNt’ sole li,0,c’rots t to DCA.

Status , but not necessarily all ooetwork information , must boot pr covidc --b to

the Air Force or other “n -ow agency so tha t  they can oj o j o ly their r o o 0 0 0 0 0 r c e ’ o

to opt imize  b o , o n - c i w a r e  and operat ions to relieve the stress, ,b in t b ’ , -  0 0 ’ fo , ’ ’t ‘,‘o .°

reg loot .

The ,ij pc-opriato s functioning of the Air ;-o ’ 0 - ’ and of b O A  sooth tb’

split of proper responsibilities i’e o’wo, ’ .to o tIme So’ is p o r t r a y - b  in o-’ugures ‘--I .

This f i gure shows O h i o ’  flow of reports upwarti wt ’ :,ln each , n r , : , o 0 0 0 , n , , t  ion .

Obviously there will be some downward c oom onno u o oo , o t u o ) n s  includitug b o t o t h  t e c h n o o ’,t l

direction and control instrttc t loo t ,; , and r e - j o i o ’ o - ’ f oot ’ i 1 ’ -  , h j n f o ’ o ’ o ’, o , o O  0 0 0 0  or

clarification of ooormnoal r o ’ j o c o r t  - t O o  - The o ’b o o r h  oh sow,; o n ly  ‘ n , o ’  u } - s . i o  o t b - is

of o o o n ’ - I w ,or o ’  s ta tus  OSM - I , , b o o  to 0 00,11 . No ’S o h o ’ j ’ i o ’ O o -~h in Ito , ’ f i , o : m r o ’  u ’  t I 0 ,

a i ’ 1 ’r o p rt a t o ’ order w i r e  s I n - i t o — I t t  m o -  o , o ’ o ’ - b o - o h  h - - o ob i s s e min a t 1 0 0 t  ,, t ’

backbone control and operational o t o t  0 0 0 0 ’ I b o o t , ’  -

0, 00 000 l y n o t - ~~ 0t r t t o ,o~~t

The o o ç - e r , t O  i - - t o o l  Ln ttj oac - I n o - ’ ’- o m i t  j o t - n  f r o m  t b t o ’ qo,mant m y  ol oO’o’t Ito ’

a ’ ; - ; o ’ ; : ;n te o o t  data w i ll  h o o l o o t ’  0 ’ ’ , The SYPAC ‘0 , 0  n w _ t n ” -  w o U  t o m  t o ’ 1 ,1, ’ moo c h 0 t o t  n

- ‘ -to-to ’- 3 i n f o r m a t i o n, and w i l l  i - f  f o r  technical h o o ts —— cooo ’,’ l u s o c o ’ , f o o t  soot-

to o - h o - n  otion by o o o , o o o ,  o -; o ’n o oo-ot t - Tbte h u l k  ob ’ n n oe.o o o i n q t  o i l  onoo- , o , o o i r . , ’m er mt  ~ ‘ n o  t O t , -

j o - u  f o o r m a n o - o -n ’  - of  b o o ’  , ‘ - ~~~ -rn w u  11 j o ’ , , o oi ° - o ’,00,OI ‘oh ,ooo - i 0 t oo t , - ,  c o o t l y - t o o  I o , o v t ’

r o o m  t b - b  an iil y~si0; oo ooio iq l o u - h o  lev,’i 0 b o o n  i tbms .

—II
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A prime j t robles  w i l l  be to restruct’trc’ the command aioal’,’uis

a c t i v i t i e s  to in t eg ra t e  the new grea t l y expanded SYPAC capabi l i t ies  and to

crea te  a technical  system management c a p a bil i ty .  The numbers of personnel

at each level wi thi n the command engaged in some form of analys is must

be examined. Those who are routine administrators , tabulators , and

extractors can be removed wi th very large personnel savirogs and l i t t l o ’

operational impact. There will be a need for a select few but highly

technically competent personnel who understand both the theory and practice

of communicotioro s systems . These personnel will be the ones analyzing

th~ SYPAC on s- ouc ed data in great cI,’u ’t n , to clean ” pinpoist highl y involved

problem area,, anod to a s s i s t  the s t a f f  o ’ l e o , o ’ies in c o r r e c t i n g  these l’o’oblr’m. ,

There will bo, some w,’r~’ -to t , oi led in heo-iv inio~ the best manner of presentin;

t he  SYPAC - h o ’ ; to o the - , t o n  ,io,oh ’ b o o -  cornmaooder.

I t  - liko’ly tb ,, ‘ ‘ ‘ ‘‘no’ w i l l  bo o noo,o ; -‘ at n a lv s i , o - I t ,  ,- at ro- o0 b o b  qroup,

Area , tonI - . s - o r b  t b ,  o o m i k  o f  t ote 0 , : — ’  -— to ’ ,0000oi ysi s conducte ,t at l i t ,  reg ion /

ojo ’ t oomj’ . Ii o t , ‘b ,  n o  0 0 0 0 n o , o 4 o  01 t o o  b ’ ,’s u s ’  ‘ 0  ,0 s o i l  ,,-o,;isO ‘ n o -  node arid major

o o , oj o  - in ro ’- ,, o h  v ito o t b , ’  i r I n - ’l l o o n ,  - Tb ’,’ Ion, i , o o o  I b c ’  a n al ys 1. ; w i l l  be K o s ’ ’,- n o

mid and longer b , o n o o ; o , o n , , o l ’ ,- , , m s 0 , ’ - t  - ‘ - ‘ - 5  t~~~ , s o u i t , o b i l o t  \‘ o o O ’ a l t o ’ ,  I’ , ’ im p l o  00 , o t t  c o b

j ’ o . ; O  o l l a t i o ’,ns no - b t o ’ o x , , ’- n o , ’ a l t o - n o  o t o v o ’ m t  b o o - o h - - It o meet  r n i l o , I a r y  o i l 0  0 , 0 0 u , ’o n ooo l

O - l o ot , , ,

‘l°t o~ - o o ’ j o t .  ‘ , o o ’ —t o t ’ ,’,- ’ t o _ i  a o , , o  b y,’, to ;  t o  0 0 - 0 0 0 ’ at ion o~ o I b cause

o ’ o o ; o , b o ’r a b l o ’  ‘ t o o t  t ’ ’ t o o  ‘ 1 o o ’  ooo,10o , o ~o tuo t I  0 1 1 0  0 .0  . 0 00005 ‘~~ . o ’ - t  boy i i  0 0 , l i t , - ‘- i i ’ s o t , - , ’ ,

o h ,  ‘ i t b o - ’ r  o ’ O ’t , o oj - ’n 0 0 0 4 , o t t b  a l , - o o  boy 0 0 0 1 1 .  , t ’,’ O ° A o ’ w i l l  b o o n j o o ’ o  ‘ b o o ’  l i i ’ ’, - 0

ol ’ ; ’ n o n - ,I b o o  L o t S  no n o ’ , o j o o o o t , o i h i b  u o o , ., ,  I I ;  - , ‘‘ ,‘oq o ’ o o - : m o — - - , 0 0 o  I ‘~~
‘ o ’ , ,  t O  w l b

h o ,  n t u i o ;  t oy  n 0 - ‘,‘ i  h i  n o - n  I b o o ’  o i l  n - I ’ n  ‘ , o O  - - b , ’ , n o t  . o - b ’  ‘ 0 , 0 0 , - - 1 ’ ’ ’  t o o  ‘ - j o - ,

o - 0  n o r  0 iv, 0 0 0 1  f t  1 I o o -  t o  I - 0  ‘~~0 It ~ n’ 0 .‘ , if t o - t b ,, ,  t o o  l o t ,  Is’ , t o o  , o n o  I I ‘ ‘t ’ 0 
~,- — .

L - ‘ ., ,, ‘



- t  0 0,00’, 0 ’ ’  0 000’ - 0 0 0 0 0 , 0 k O ’ t ‘ ‘,,‘ , o b ~~O, - o ’ t O ’ o ’ ’ t, o o , , t’ ,

see Fig . 6—1 and Fig. 6—2. Presenotly data is predomiotantly related only to

the 0&M t0o,;ks,

It must be noted that there are two major steps between gathered

da ta and an e f f e ctive application of the data properly anals’zecl ,

A) The first (presupposing correct analysis) is suitable presentationo

of the data to provide the commander a clear picture of the b t o r oml:bo-000 , of the

framework of events or background aroung the problem , and to furnish a

recommended course of action -— perhaps several for consideration -- to

correct the difficulty.

B) The second is a responsive organizational totructure from O b o e

decision level to the activities tha t  must take the correct ive and t o o l l ow - u p

ac t ion .  In a n umber of cases at the lowest levels , tboe coro ’,,t o b O o ’ , o o ’ tb o n

will be a control signal sent to a box or t e rmina l  t h r o u g h  the o - o o h o ’ o’wore from

the node , major node , or region/group. But ~bev,n that level the t t ’ l - o ’  , ‘ i o o o h

structure of the management organization will be important.

The type of data presc’ooted ,-o t Area ar id II- ,’ of o ’,’om r ~ ’o - is o lo ’I ettobo ’tOt

upon tboe desires of the commander. oo o oo o ’ commanders ,;t .il’,, 0 0000 tl t o ’y b k , ’ to

be current on field activities , so I, b o a t t hey  can o t o m ’m o b o ’ tn t  ,os 0 , - t o  r o ’ , ; j o o m o o ,  uv ’, t o ’s,, .

o,Ot boo r commanders , o t , o t  o - they  wa o ot  to f o n , ’om oo ooo po lo  c’s o n - b  lo ’,ov,’ 0 too ’ - h , , ,  0 0  ,hav

runn ing  of I b o o , ’ comoonsoud I t o  the subor di toa te  e l emen t  to The tx , 00  I ,  o t h o o ’ o ’ o ,  soot boo ,

no meaningful mission guidance o , o o - tm , - ,t nc’r tan O h  0 , - t o -  boo ’ , , n o ’,’ r , - b o ’ v , o n o l  - - - i  i c y

q e n e rat e ot  W i t  h o o , o o l  - o o b , ’ o ’ j o  i t o h  f , , o : t  o o a l  grasp ‘f wha t  I b o o ’  m i s o o 1 0 0 0 0  p 0 t h  - ‘o- o n o , o n , - - ’ ono f

O h o , ’  command ro n - i  [by is. Thus n’ ’’’oo n - I l , ’ , ; ,; -‘ I b oo o n o o , o lo ~ ‘o f  I b o , ’ c t ’ o n o oo o , o t  o ‘ ‘n , :~~, i \

- h , ’ i O t o  s n o b  a j ’ j - r o o j ’ n i o l  o ’  , ‘ono , ’o i y - - i ’ o  must form O h , , ’  t o o l , - ‘m oot  o ’ o o n o , h , o b o ’ n  y I o o o o n , - h t o t 0 0 0 i ,

0 0 ’ ~ onom ’o 00 , 1 n ‘ o n ’ ’ . WI ‘ 0 t 0 0 o , ’ o ’oononnoa no h,’n’ - bo o ’ , ’’ ,  , o b ’ t o n ’ ho’ o 0 0 0 , t o ’ o , o b  o n t o 1 ’  - I t o ’  o ’ ’ ~rnuon,io o -o

t o —  I ’ m
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~g~~ ure is his decision. Action take-i t  without ‘ hoe best possible understarmdin9,

hcso’oov,’r, boo o;either conmosooJ~~~or on,onsooj con -noo .

E. Software

Software is an area of extreme import -on ce not only to SYPAC but to

every manager in every walk of life. The area is far to, re critical for a

communication manager than a store operator , for example. This issue is

sof tware. A manager of a store of any type has avai labl e for his own use

hundreds of already developed programs covering inventory control , planning,

produ ction control , and all the support activities such a~ personnel ,

payrol l , etc . The head of a department store may not understand all of the

opera tion in his store , bu t he can use the predigested data fed to him by

programs someone else formulated. This instant program tOte of management

may explain why MT Grant and a number of other businesses are now far too t

bankruptcy —— these manoagers did not really understand the missioni ,‘m-osessment

data on sow the data was derived arod processed and did not grasp t h e  t o o t , ’

mean ing  of the computer mi s s ion  status printouts and so did t o t  make

reasonable policy decisions.  Since they did t o o t uoo derstao ’md thue miss ion

as.,’- ,, - om ”n o to 0 , they made decisions that ‘bo o s t  their war ’ w i t h  j ’t -” t o t , o ,

In l i t ,  c ommunica t ion  s y s t e m  area, t h uere has not been d v , ’ C ’j ’ o ’d

a I m t  t ‘n ’ :  sb ’ on the  I t o ’  l b  ‘ j’o’oqrams . In the fir 1 ~- l  ,oo ’o ’ , the  ‘ o o  -

communica t ion  sys tem has not yet  r ea l l y Iso -n o managed as a ‘ ‘ n o b  syo sto’ono , r ho ’

lour Force made signifio ’,ontt st eps forward  wi th the ‘ t oo”  o s o f  O b o e  ,, - o ~~o ’ ‘ n o - o k

0 °/jo” n o ’-  ‘m s u r o ’ m o ’ nt  programs . Thes,- wo n o  ‘bo a r ,’o o -ter  i zat ionu - l i - b o o ’  a bout 0 I on,

f - — i l



tabulated data could not be used by most managers . The first t o o t - o r program

to address system performance directly and intended f-or the use and

enlightenment of managers was the Air Force Link Assessment Program , la to ,-r

the P1’IP. This daily performance assessment measured only the b a c k b , o o o o o ’-

structure, but it did this task well. The data is available to all of the

echelons wi th in  the Air Force and DCA . Y et  the average s t a f f  o f f i c e r  and

commander s t i l l  has far from a full understanding of w h a n  to ; ’ ,  me,’oo ’ t t m r o  -ments 4
mean , even in a gross way . The Air Force boOt - ; -j o ’ v o ’ b o j o - ’ i  :,o’vcrol , , o ° f l w , o r o ’  -

‘

prog rams for  data analysis correlating t b ’ , - idle cn t ,, t o n ’mel tunis ’,’ 1 , 0 0 0  ‘ s i l l ;  t b oe

receive signal level for example. Even thouqb ’m t b ,  - h ot ,’, is , . a b o l y  i o o n o ’ r m , o t i v o s , 0-

no graphical presentation of this relationship bo o s ‘soS t ’,’ s ’, u ’ ,~e , h  - o t , y t b o i n i c t  l i ke

staff understandimog . M0ojor fo ld problems or’,- :,oo l t o , ’ - t o t no icn , - h  so no - , - o o - - t i ’,’,-

act ions or” directed . Clearly I b o o ’ r o ’ ~~S o t t o  ~~0 , i o t - h , ’t r d i , ’ - o t ooo, among A i r  i -eeoc

o ’or ’ o t , o o m l z , o t j o o o i , ~0 of ‘off the shelf’ p rog ram s tbo ,oI i t , -  techroio - o b l y b o l t  i L - h ,

ojoe t ’ u ’ b 0 0 0 0 o l l ’,’ u s e f u l , and s i t o d o ’ r, o t , ’o t i o b a l - I o  by t o o  ,,i~,’’, 0,’ ’0 l O  t i o O o a o j t ’ O

‘rhe oo,oftw,’ o n o ,  f o r  j o n - ’r formanco :  dna ’;, ’ - ’ ttoo ’ o o i  cot  ‘;n , ’ u t t : h ’oe , l o o , ’ t ’ *’ o - o ’ k s  is

;t  u l l  in - ‘- ‘to o ‘ - n - t o t a l  ft-ron , but par ’ m o l l y  o h -- o ot o ° t o ’ - t r , o t o ’d m a o , u a l  l y .  ‘ I t  0 - t o ’  i s’o r o  t o ’  no

no Air 0 , 0 0 — ,:’,’ or otheo ’ service atl o ’0n1~ ’t 1 , , o - t o - I  0 0 0 0 0  ‘‘eme nt  on s ’ t o , , t  pe n n  1, 0 0 0 ;  , - h

‘ l i nt  o o , ’ t w o o n ’ k I o o n~,otn ,, t ’ , r  sen o o 0 0 0 0 - J  is ,b o ’ s o r - o ’ o,° (or ooo ’o ’ o u ,  - b ) by t o o ’ - 0,0 , 0 0  l n o u n ;  I o n - ’’ I s

o, o ’ r n , o o ; , , o p ’ o n o o ’ o t t  ‘ ‘ o  t b o o ° t ’ on I-°A or t b i o ’ ’ ° o - O , o o ; o - i m o ’ m o ’ S .

01 - - - o n t o ’,’ , booweven , - - t o o o’ x~-o 0 - 1  a b u l l  ,iot ’l r’o o n n j ’ l o ’ O o ’  , ; - o 0  0 ‘w o o ’  j - i  - - b  m O O t

b - o r  ~Y O A ’ ’ t int  i i  n il the b ’ , o t o t o ’ , t : , , I  p r o  o ’ - j o o b n ; m  t o ’  0 ‘ - - ‘ o o t i i c a l  O n - - i  ‘ ‘ 0~ 0 0 0  oh 0 b o o - b

I oh e ’t ; i 1 , 0 1  rn,000,00j ’’ono o’o o ’ j o t - , -o n n o , o ’ I ° no o n-; t ; l  m i t t - o r-b o c c l  W I  0 1 0 0 0 0  I b oo’ Air I’ - n o:, , o n - b



This blunt explanation is made , not to ~o c m y u e not  that tO t e SYPAC

concept is not ready for implementation —~ it is. b : v o - o o  w i t h  what  sof t  sore is

known now (and a number of agencies are working on sot ’ ts-ar os o b o io r i th m s tor

ATEC that are suitable for SYPAC), a great gain in sy st o t tt t j n - -o ’h ’o ’rmance

can resul t .

F. Hardware Impact

It is obvious that any tine -i serious a tt empt i t ,  to be made to , ,

restructure a large hodge-podge complex of bo: m r hw ,oro ’ i O O t . oO a v i aL- i ’ , ’  i o , t n , ’ ; y j t ’ , s l

s t ruc ture  capable of control there w i l l  be jorcob 1cm,; that rn- - -j u or, ’ botbm

t o ; i i l c ) s o j~l o c c ’,ii and practical o b t a t o q o ’s in the ma otner  o ’of doinng business .

There is a r ’, ’c’ or th  of poor pe r fo rmance  a o ; t o o o ,-oa t e d  5 0 ’ ‘ 0 c n n  I :o ifl

c o n t r a c t o rs  t h o a t  ‘ , - x t , ’ o t ,’ hc ; o ‘vo n ’ a number of °0 ” , oao’ ,; . 1° , - ’ b o o 0’ -, ’ I t o o ’  j ’ o ’o o o ’ 0 0 0 ’, ‘ t o o - t o O

peop le have f a i l e d  to ‘t o -ar  t he  roum,blno of d i o ; c 0 0 0 t e u , t  f rom I t o o -  j ’ o ’r ’ too ~ o o t o - l

who have t o o  l i ve  w i t h  t b ’m et o e  i n f e r i o r  boxes,  or 1 ° ’ , ’ r b o , o j ’ - o I t oy  f n ’o ’l t o - o n  P ing

can be - b - s o on . H u t  f o r  w h a t e v e r  r t ’ ,ot o o o o o  , t h i n - rn ’ i s  muc bo booo’ oh w, o  0:,’ 0 - . o t  ‘n - n O, , , r 0 0 0 , o

poorly d u r i n g  m a st  of i t s  o p e r a t i on s I I i  f’,’ ( ‘ m l  tbu ouq b o 1 ’ nno , o ’ .’ b i n ’ 1 ‘b’ ‘ i ~~~~

t o ’ , ;t S a t m  t l o o ’  day of ,ht- I kv o _’t’y) . In l ’ to ’ i c000 °t iUoo , t h i n  ‘ ‘ ‘ ‘ O  ‘ ‘  0 0 0 0 1 0 0 0 0 0 ’ O o I  ‘0,0 1 0

f’m ‘V’ , - I, ’ tn o,o ’m b_ imes ,ot , much i 0 slog: t O  j ’ no o n ’ , ,  , ‘X~ 0 0 ‘- t V , ’ ’ - j 0 0 0 j  o t n n t o ~ , Tb m o o  i t ;

o ’ o,,y to ’ , ‘ o o o , b o ’r ,nt ,in d when r,’e’,oll ino oo 0 b o o t  t b , ’  i t  t o ’  0 0 000o  o o t ’ o ’ O  ,o l 0 0 0 5 , t o o o b  ~~. t m t o t . o t r 0

i n t o ;  : , o , n t  1~~ , o j o ~ - r o ’x  o s l o - b y I’) l i m o ’ , ;  ‘ n o ’ ’ t o o  o ’ o ’n n o ’ ’ o o l  coosl h o o t  - i t ”  0 , 0 - 0 , ’  o j 5 ’0~~ i l ’ s

o ’t joo il’ mo o not . I I  f o o t ’ ’ 1 1 m - j e o t t  I t o - n m  n o - n o ,, ‘ n o l  - ‘ I  , , ‘  0 0 ‘ n  ‘ 1 0 0 , 0  1 i t y  0 , 0 0 -  tw 0 0 0  o ’, o t u l  1

ro’ -b o o o  - ‘ ‘  I ho’ o - ’ot ’t c o o t ; ’  h - -
, ‘ - ‘ n o b  y I , 1 h i o ’  0 0 0 0 1  0 i i  t o - n b  - ‘ t ,oo  h - i  b - - b o o - h  - l O b  . 0 0 0  b ‘ i 1

O 0 ’  0 , 0 0 0 0  ‘ ho ’’ ; , on . ’ I 0 1 ’ -  on y c ,— I ’’ con; b no . . ‘ n u ’ h o , - - ’, ho ’,’ A l- 0 ‘b t o ‘-‘t o ,  1’ 0 ‘ o - h o n - l b  to’ ,o n o l  b o o

‘ - ‘ to t a l  - , ‘ 0 0 - 0 , 0 1 0  i to tl ’- , b o  0 o ; , , 0  i l ’ ’ t. t o  I °~~- o n  i o n ”  0 1 ; ; ’ ’  ~ to o o I - b  — o o ’ t  opt ’o I l ’ y

- I I
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hardware , could i o o c ’ o r t o ~ or m t  o -  self assesson,’ton f ’,°:o t , u r o , ’,; , “emote control and

s t i l l  save more than 50% of the O,’,I ’b cost .  Th is  ono toato s a net r e tu rn  to the

government  of more than f i v e  ti000eco the original purchase price , and as a

di rec t  resu l t  provide much higher qua l i t y  communica t ions  du r ing  i t t;  l i f e

time . It seems strange that people who play the stock market and understand

i e v o - r . ’m oj o ’ ’ f a i l  to ‘t r o o p  the tremendous leverage m v i i  l ab i ’,’ on t , ot a  1

lj f o ’ t i , o o o ,’ cos ts  available by small increases in initial i~rt ,oo:ur ’ o 0 0 e o t n  c ost , - .

Yet O boe b r o ’5’~0O res seem to pu sh the DOD in just t h o n ’ r ev , :r ’oo o d i r e ’ , ’t  i con ——

minimize n- r -n - -n omr ~’mt’ o t  c000t ,n and pay for tbnis o ’b o ’ , ’ o o o , ’ n i o o o ,  for I b o o - t o o t i n - ’ 1~~fo ’

cycle of the o n - i o u  0 j ’m o ” o o b

G .  - -r  1 ° - t w o  ro n ;

‘ l ° b oo -r , ’  is o nto’ part of h b o , ’  ‘ o P’S and the I t ; — I o i l  cor ot ooo t on , I c ,ot  l o u i s

sb , 0 00 , ’ ’ , ure t , b o , o ’  has been 0 10’ on ’n s l n - ’  m, ’o i ’ n t  o’ t u o ’t  0 n o - b ,  ,‘oo. ’, ’ , ot to -  w h o t  : t , , t n  W o - O ’ O o o ’ob O t t

observed the ,o~~t v t  1 in’s l u r i o t o ;  O h , , -  ‘ - s h o t - S  oh ’ an o ’ f I , ’c ’t j v o  j o t  O , , t ’ n ’ o , , o m o ’,’

as000,o;tsmo_’no _ 0 - b ’ b’° ’ t  I , such as 0 b o o ’  l ’ o ’ o - fo r o to , i tm t ’o n  ~to o t o 0 t , - t  0 0 0 0 j  I ° l ’ , o -  U , o o n o  0 0 0  b o o ,;  to ’ , ’

‘ ‘ 0 0 0 - O n  ‘ ‘ I  c o o t  o t t - h  - t o o - n i -  t i c  I ’ ’ v b t  o ’ o o o , t n o - l  l o ’ n ’ -o I 0 ~7 0 0 0 - I  t o  j 5 t ’ m J , o t ,  t o t - I  - - ‘ r , , t  - o

00, 0 ‘‘ u i - k i o ,o it , ’ o-t t r o o c t  0 0 0 0 ’  or o , , ’ t ’ w t , ’r k  j o o o - h o l o ’ o n o ~~- , o m n t o  -t I .  m o b  0 - ‘ ‘, , ‘.‘ o - o h ’ , , -n”,’o ’ ,h l n , , ~

o~~o ,  I - - i t o - b  ‘ ; I , o l o -  o , f  I b o , - c , n  b o ’ n w m , ” -  , o  o’ - o - ’ t u n o ’ - — ‘ b ,  I 0 0 - n  o h  , - ,omn o,o oi -t t oo t ‘ - ‘ t o t  t o o l

b o or t t o - t o O  o r ’ ’  coonvoluni c’ - , l  u - - t o  on - -  b oom .

1) h em - -k h - o t t o ’  : I t ou t ’ ?  -o r ’’

1 ’  i o  ‘ - t o ’  n o t - o n o - b i t o o n  t o o - h  ‘ , - o t n o ’ ’S b , , i t  ‘ ‘ - t o , - ; ,  ‘~~- o k  t ’ ,o k ’ ’ ’  j , i  - ‘ - ‘ o n 0 0 0 0 n o o , t c ’ ,o 0 0 0 0 0

t o i l , ’ , t ~ j - o ’ , o k  ‘ - h I  o o ,’ o o - t o t ’ y ,  m O o - I  o o o o l b m o o m o j  l o o t  r o o o ~ ,; ‘ ‘ o ’  l o O t 0 , 0 0  m y , ’ , o t t o

- - o ~ , t t o i  1 o t y  t o ,  ‘ b o o t b , ’ n - - k -  f l o o r s  ‘ o o o no n 1 ’’’ o ’l ~~ 
0 t o o t  I ”  I t o  t - 0 ’  V t ’ ’ , ’ 0 , _ b  ‘ n - n o ;  - b o ” i oo o; 
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the j ob becau se of the o t a b il i t y  t, t o  t a lk  to the  j eop lo ” , all the peoplo” ,

concer ned in t he a c t i o n .  Tele ty lo o,’ or other data terminals do not , su f f i c e .

One of the exis t ing  conventional  orderwire schemes is n - : o o u t s  i , h n r e 0 h

by some to be ideal .  It consists of a lonq par ty  l o o m , -’ t y f - c o  m o l t or node I t o

major node channel with all iootervenioog stations . ‘ , o n o n o , ’ o ’ b o , ’ , h ,  l~’t o, - n n someone

desires to talk, he dials a number and the appropriate phone rings . If ho’,-

has to work with several stations he must dial each in turn and tboen have

them stand by while he dials the o thers,  This orderwire  has a l l  t t o c  no i , o n ’ r d l  ~~
o,’

aspo ’s - t o s  long recognized by all par ty  l ine  users in the coonmer , , - i a l  w o r l o h ,

In i r ac tic ’, o  a tech c o oit r o l le r  who r e a l ly ot ’ ,” ,” o , t n ;  an o rde rwi ro

c i rcu it and cannot s i t  and wai t  uses ,\ b n ’l’ o ”:’ otj at ‘ Imnn cd iao” ,- ’° I - r e , o ’ o Io ° oo , ’e .

This us ’ s much more over b oo -o a - b , dis r o o p t t -, p r o ’con- o h e o t ~ on - cal  lo , inval i h , o ’  -s

t h o , n  p re—e mpt concept —— and iou r e a l i  0 ‘p, ,lc jo’n;  n ot save - ‘ r o b t - o ’ w i n o  o,’ir , ’im it s ,

Clearl y, the orderwire oohoo , rt ‘lounge ‘p 0~~-er ’ is bei ng j o  id , b~ut at  a y ou ’,’

h b o j i t  ~0St, .  Any I t  o ’ n ’ o -  ‘5 t o ~ o Improve ‘ ‘ : , o t ’ ’ n ’ o  o — o o o i l I t o b  w i t h - - o n  a t o t ’ I 0 0 0 1 1 o t t  O r ’

the commun o- — ob ion , n ’ 0’ n ; t o °000 command and t ’ o,oo o l r o ’ o 1 coo o h o ’ o ’~~’ t  l ’ o ’ , t n ’  O t t  Ot t’ ’,’ I n ;

o j o t ’o r o o t t , , o - - I  to ho, ’ - less l I t _ i t t  cost’ o f  t o o i v ’ - . The ,a b oo ov o ’ - t o o  , ‘ ‘ o o ’ ’, n , i - ° o o  b o , o no  h i  ‘ o o s s o  - i

oonly the ,oroho’r—w i,re O tto it  is b o , ’ j o t o j  00 , - I  l o t - h o ’ , ’ , j o n  o n t h o o o t o u n o , i o o t  l y  t , - o  1 ’  n - - t O o ’ , o o o - b

ro’ ott - ‘ r i b s of f- t i I ’ d  c i rcu i t s ; .  I i i  ~‘ o - h iv , ’  j o o ’ r f - o t o n i , o n o  ‘ , ‘ , i , ; , , o ’ n , o , o n o o  not o - t o o ’ , ’ k t ,  -

- 0 1  t o ’ t  r o o t  m l  i t o ’ -  I , , - ‘ to and - - ‘ n O  t o o l  t s t o ‘I ‘so ’ I -n - ’ , ‘no a t  ‘ o-m~ ‘ t o - - h  - ‘rh ,, I ‘t A  bo o t ;

0 - 1 - t o o  :o; , ’ , b b o o t  a , -t o’,, o b I j - 0 0 0 0 1  - - o o o o l ’ i o o ’ ‘‘‘‘- t o - I  I ” o n o ’ I o t t o ’ ;  0 -  0 0 0 1 0 , :  , , n ,  ‘ n - b ’  ‘ ‘ s - n ’

2 )  N ’ - O w o o o ’ k o -

I n  I I to - j o t s  0 , 5’ oo o n o ‘ n o ’  w o o  k ot b o ,nv 0 I - i I o n ,  - 0 0  t o 0 - W  0 o ‘ - . n.m - . on ‘0 0 t ‘ O t t ,

s - i  o o b i o n o -o ‘ ‘o i,on j o n o o  ‘ n o ’ i n s t  - 5 ° - n ’ -  - , , O , t t O ’ ‘, O 0 0 I , ,  0 0 0 ,  m o  0 0 , - o n ,  ‘ n , 0  - - ot t - I ,

- ,~~~~~~~. .- - .



but  th i s  was mo ore a m a t t e r  of in o t e r ; -c’o o o o o o  o : t  0 0 0 0 0  a l l  co1 I - -n - ’o,~ co t  f o n n i l  I t  0 -

osm b bo o r than an o t t  ,nooooS to i n t e rcoo ;o ,so I s it e s  hav ing  a c o m m u t m ir ’ , of l n o t o : r c - s t

aoo d  common responsibi l i t ies .  t ” ur t boo - m ’ , a l imit ed  number of peop le re, - a q o i c , ,

tb,a t network functions must be coordinated and controlled if the t o t a l

network was to provide acceptable service . 0-l at oy people f a i led  to rc’t- 0 0 0 i o , ,i :nn-

that t b o o , n network functions were intimately and indivisably related t o , tboo -

backbone structure functianos.

Even the commercial te lepluone companies have s j - c - c i , ’i l  or o b o r ” ,s’ ir c

st r u c t u r e s  for network  con t roi .  These cor , ’h or s ’i res , in t h ue  case of ino l o o - r t 0 0 0 t

0 , 0 -w o r k - , such as network TV , do not r ide tIme on is s ioon s c han n e l s .  T h o u , o

the - ,o r b ’ ,’rs’i r~- ca nnot f a i l  s imul t , , ooo , - o ’ , oo l  -,‘ w i t h  the too t , ; ot  i O o - , o , e t t , ’ur~ ; . ‘ I I , ’ ,

con’omercial c a r ri , -r , ; , even wi th  oon1y p r o f i t  mot iva t ion , d o-a n y rc’t’t’ooniz ot

the co ve r rid ing  necessi ty  t n t  be able to talk to all cao oc o , r ’ o oed  sit o ’oo or

00 , _ n  l vi  b i o n ’; si m u l t a n e o u s l y ,  os vn ’o o in the face of d o t o o ; i - l o ’ t o -  1 , 0 0 h o f o o  l o o t ’ ,” .

l’hus t h e  o ’o r o h o - o ’ s ’ o r , -  is cons t r t u ; ’ t o ’ o b in  so h a t  , i n ;  ~~~~~~~~~~~~ t o o t  both t b o o ’

000 j oo t-o i on  , , t o , 1  or d erw io ’ o- o ’n- ’ot ’ooo o t - ’I i o o u o  t ’, o t o t ’m Ot  f , 0  m l  t , ,oo ~ o ’tho o ,r . h u l l  Ii o ’ o - o ’ t o

o ’i t i ’ b controls To ’ t o o  ot o ~ ope ra ,; , o n o - b  s - o i l  o ’ t ’ O ,m o o o 0 0 0 o ’ O t t  n o i t ’ ,too n onot s o, e Ct  f ’ ,- o - I i v o ’ l y

10 , - i t ,  15)1) mao o at j o - n- ; ‘H o -  0 Pl o 
~

t om I t ’~~o 0 O U O 0 , t t , 0 ‘ s b  O t t o ;  n ;~ ’ n ; t em fo ot’ I n o t  o , 0 0 0 ’ n- ’ o n - ’ 0, 1 oh ’

l It ’ ’ nat  ioto . ‘l’bm n ’ i ,I  i l b t n o  an , ’ n o m t n t j  t i o s t t  0 b o o t  ~ o ’ u ’ k , m 1 o 1 o , - , , o , b o ’ o  w o n  , ‘ : , ‘ o o o  I-- -

- j o u m o ’l- :ly o ’ o , o o o o o ’ n ’ n m o ’ I - I  o t t o - n  a ma ‘or  l i t - o k  b , m m  b o o ’ -  , , i i o o I , ’  ,nccOOm ’ , ‘ ° ,

ro i l  o n - I  I , ’ I , ,, ‘~~ - ;  oh I t o ,

_ _ _  - 

~~~I ’  ~
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~
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3) ‘‘v et os,, I

The orderwi ro’ t ot cu - n ‘n o u n ’ ’,’ ,IthO\ ’n b o o , ,  h ’,- ’,’ t o  o h  ,t: ’e’ - t ; c  S a i t  o - o , u  Ia ins t o ’

t h e backbone t;tru ont ,orn ’ and 0- os tboe networks. Tht , ’t e  is also a r e n d  f - o n  the

n’ ’r - ,’ , o t  ion o of  o ° ;i~~h l o ’ o n n ~~r n n m t o c o” a t 1 n noon - n o y n ; I , n°fl ovc r h , ’ , ’ , , - , i t o e twork . t ’, on ’, ’ o ’Ons  c l e a t ’

t n , n  0 i t  ‘viii hoe most c ’c ’, ,tt ’,otio m cal , at  a I I tower l o ’vo ’ l o- and n o  ‘ 1 - o k  y - .o t to 00051,

o ’ ’ - l ,t cod y large ooo ’ oo ~ r aphical  a re a  H~~’ t o , to t o o t  ¶ t o ~ -S0000 o- o n -l o - n s ’ o t o -  0 5 0 5  to

sense , q , o t  b o o -i ’ , , Otto- n ’, ’ t n - a n ton , ’ , and report  o b a c , ’, . Once th i s  - h o t  a lor0000500 0005

b oie rarchy is es L a b l i s i o o ’ ,h , l i t t i,  i s  to ho ’ qa iriot- d b.” b, - r o ’ ,o~o 0 0 0 0 0  out 0 bo os t

ro ’b 0 00 r t ing , o I  i o o t o ’ ” 5 b i ~~ n o o j o ’  ro ’ i n o i r o m e o o t S  f rom the basic ,‘on b ‘ o ’ w u  t o ’ t oo - I s too l

o - e —o - o n t  co 0 no ~,j i n :  Aoo to o ob in or o tbo e r  too 15510- to charuneis

4 )  co n tr o t i

Ti m e ;t t ’ o’l ’,’o” S’ i r o -  o t , - I w o o r h  to oi , o t o  has n o , ’ ’,- - n b , , ~ o o o’ o ’o o - o i n ’ .’-l t,o j’ro - v m d e

- - - m o n o - i t o - b  amid cont ro l  I ‘ , - - L I o n ,  DCS s’,’stems. The DCS m u o I - ‘ o” ’ , o t o ’ o ; o m ’ , n i o  a t 0 0 0 l

func t m - t t ;  if  son y r e a l i s t  t o ’ ;o,0 0 i , o o o, o h o -000o- r oto ’ o mo ’°0’ surviva l’  -‘ ‘a; t o - n  I i ’ - , ’ is  n o  b - . -

, , x’o O m t e cl .

‘l i t ’ ’ t -;Y1 ’ ,\- - r o -  ; n ti ~~o ’0n ° o n  ,,n ’ o ’ w o - l  I , 0 0  o n - - I  i n  , , O t  0 , 0 0 1 0 0 0 0  ‘500 1’ ‘A

p o l io ’ ’,’ 0 0 !  n o - - u  t 5 i o t t  f o u r  e l , , , - - ’ no o f v ;n o o ’o - oo H o s t , , - -:

A oo 0 0 0 ’ - n o b ’ , - u -sO t’ ,’ 0 rom tech - - , o n t O  0 0 0 1  t o o  a l l  ma l o o n ’  c ’,om onu toi - a t  0 - o t t

o’lo oono n o ou n , o t  0 ho , ,  I so  I , ’ ’ — —  t w o  I b , 0 .0 b o o  - mux , o-O -

Is) A l i n k  a o  o o  ‘ ‘,~‘ i o o ’ h - - 0 - b  o c o ’ o - o ;  , o h j , o -  ‘ ‘t o ?  O t t 1  c ’root t o ’ o o l , .  t o O  oi , 00 ’ o’t , m b

0 , 0 0 0 0 - ’  - I ma n i l - - u  I - o f  0 ( 0 0 0 0 0 .

c ) A m .o j o o nto ’ -  ho - t o  n t ,  0 j or 0 ‘ ‘ ‘ t o ’ 5- u o ° - ‘ - ‘0 0 0  o o o o ’ ~ 0 0 0 , 0  ‘ 0 0  o - ‘ho en 00 , 0 0 ’ ’ ‘ 00

- I o : s f  O ’ , m c o ° 0 b o o j r~t t ‘ l o o n ,  - 0  000,1’ 0 1 0  - ‘I S  ‘ ‘ n o m o4o,~ 1 , t 0 0 0  ‘n o
o ’ o ’ o ’  - o l o o t  0 0 0 0 0 .

‘ 0 — 1 7
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d) A syst em - ‘ r o b  u w o r e  to connect al l  major  nodes on an i r o o ; t a u o n
all available party line for rapid alert arid marshalling of
all  elements of the system -- both backbone and ne twork .

The radio l ink maintenance channel is not an orderwit’ n - and it ;

provided for maintenance usage. These orderwires should be fli’o ,tO o’ O d n -Si

outside of normal mission hardware complement , and outside the mission

bandw i d t h .  Both of these actions are required to preclude simult , sooe ,oo o s

f a i lu re  of both the mission communoications and also the c o n t r o l  o I o ’ oo , ’ t;u n-

needed to reconstruct the system.
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VI I .  SYPPt C in Conus and Commercial S~-r ’~ice

Most of the SYPAC Study discusses the overseas Up’S or s~-e cio1

loostaliations . Under these conditions , the backbone structure - mo - h  ci,’,’

networks are all government provided and operated and main itained by the

three Services.  In the overseas case , a l l  of the system is clean ’,’ t ie

responsibility of one DOD system manager. He has both the btao ’dw0or o- and

personnel resources assigned to do the job.

The communication problem in the continental t o n i t o ,’d n t ’ , o ’ es at ud in a

ho’s selected locations overseas does root fill this singular ; - a t I o ’ n o : . In

floe U.S. none of the major  backbone st r u c t o u r ,  i t ;  g o v e r 0 0 0 o t o ’ t o t  ~- o - c o  I ’ - I . I e ’ ll

and Western Union have wide flung structures for t t m n’ ir - sn , U 000 ’ ‘1~ ~~0 o o ’ DOll

leases o n i r o ’ o m i t r y  as required . Bell  provides the  bulk of 0 t o o ’ ooo - o - - o o - I c- - o o n ; o ’ - ,” iv, ’

s t ruc tu re  w i t h  Western Union and more recen t ly  o’o)m uoo o ’ n , n ’ j ,i l S , i t o ’ h  l i t, -

Corporation and the new l imi t ’S ; : , ‘r v i c o ’  area o l o - ; i t a l  comp0tnie s f u r o o i s h  I t o , ’

ba lance .  The - ‘toveroonno’no t may provide t b , -  l ; , i t t o ’  o ’ , O h O l O ’ ; - l , i o o t  - o r  i t  - may t o ’

l, , ’ , t t ; e o h .  Thero ’  are t o o : ; , - , ;  wb o ,’ ro ’ only the t; o oh oo o ’o’iber is t o o ov ’ ’o o t o n oo ’ o o t  0 o m n ’ n o o , ; h m o ’, b .

A t t emp t ing  to manage a coooonno ,u t o  I c a t i c t o o  o ; y ’ ; b  ,‘ono wh t o - u , - most of l I o n ’ n o  - - ‘ ‘ o u t  - ‘ ‘-

o t t ’ ’ ’  o o o ’t d o  n o ’ - b ly , ‘ c o o o f  n - o i l ’ S  - ‘. obv iou s ly  a fa r d i f  f o r ’ - n o t  ~- t o o b - b ’ °o no I b o o n ;  0 b i n -  - o n t o ’

in  tile overseas , o r o ’, o o ; .  The more n ’ o ’o ’ o ’ t t t ’ o l n n t n j s i o n o o o  by I t o ’ , ’  I- CC ‘ 1 , 1  ~~~~~~ I

o t t  I n b m o ’  I ‘ n o - - , ,  0 1 , i  t o ’  ‘ 0 000 0 1 - ‘ ~ 1 I m o n o  S m  I to  lIt ’ 11 , ‘‘ ‘‘ 1 f o o t  ‘ ‘ 0 ’  b o o - I  1 0 ‘~~ 0 t o n i  m o o t ,  t b o o ’

t o i l  - ‘ o o o o t o ’ ’ o ’ I i , o o o - o w o t b o m n o  tb , ’ 0 i t i e s , b o0mn o i n  0 0 0 0 0 ’  s t - I -  r o i l , -  O bo e - n ‘ - v t - -i,

m ao o m - j o ’ m o ’ o o t  j - r o o l t l o ’ m t - ; op ‘ o w  to ’ , ’  many oo r, h, ’r ’ - ; o f  rnio-~o o o f i t ’ , 0 0 ;  I b ’ a l l  k - m t

- h ’ 0 t o o ’ ,”” I any  j o ’ : ;  0 1 , 1  l i t  ‘,‘ of o 0 ‘ , m I 0 0 0 , 0 0 0 , 0 - h  ‘ t n 0 O ’ 0 t ~

0- vn ’o i t o - t o o , ’  t b ’ -  j - r oIiSo’ 1 0 0 i o ,n o - 0  o ’ m h - , o ’t ’ i b o  n o n u  W r i s b t i n o - ~ ’ ‘ , ,  I ’ . - ’ . ,  m i  t b ,

0 0 , 0 ’ .’ ’ ’ t o o  0 ‘IV ‘ ‘ u n t o ’  - i  I 0 ’ m o o 0 0 0 1  1 1 o - , o - ; ’ - , t  00 0 - ‘ton - - o o o n o j - t o o ’ ,’ C” , o n ; ’ 0 ’ 1 ‘ 0 0 0 0 0 0 , ’  ‘ , ‘ ‘1 wo I to t I

_ _
_ __i, -
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Bell s t ruc ture , go across the countr’,’ ;o - ’d  enter another telephone company

s t ructure, and then enter  a base where the communicat iooo t o t r u c t u r , - was

government turnished and terminate on a company C terminal. This means

that there are five major participants. If all works ‘w e l l ’  —- meaning

that data can be passed with an error rate that does not cause the subscriber

to complain —— no manager worries.  But if there is excessive error rat’,- or

the terminals fail to synchronize or otherwise fail to provide a :ceptable

service , the customer complains. Who is to blame ? Who has to take

corrective action? Who leads the fault isolation? The fault can be the

subscri’t - 0-u t; who may be incorrectly operating his terminal at eit bo o -o ’ end.

It may be the Bell portion or t b ’,, other common carrier or the base cable

p la n t at ei the r o -to , i . It may not be ~oro ’, - one. l ° r ao ’I’ I ‘o ’ proves i o ov ar i a b l ’ ,- I b o a ’

t b o o ’r on is never a n ;inoo j,_1.e problem . h : a o - b t  t o t ’ 0 boo I ,‘ n o n o o o o , o l o ;  50 , - o b o ’ o o’ 0 o ’ h o ’ ,t ,

base cable plants at 1-- tb ends t : o o o o t r i b , o o t t  - .  noise , and both common c a r r u o ’r o ;

add their fair share of noise. WI - to is at fault? l Oo man’,’ cases noio; n’ can

be removed from ito- ,’ one of the o” l o ’ m o u o t  t o  and the 0 ‘ -rm u tialoo °.v i l l  ro ’turn I - o

acceptable operat ion . Remember t , b or o ’o ’  to fou r  dB i n  a o lal  a in t er - - r o n  c’” t i o o i

is t b o o -  d i f f o reon ce from n e a r l y  en ’ o n  O r ’ ’ ’ ’  c o j o o ’r a t  0 0 0 0 0  I o o  0)0 0 4  s o t ’ o - - n ,  ,oI 3 11.

Thus o ‘ j o l t  segment manager  w i l l  blame a o m ’ , o t b  0 -r “ ‘ 1  I 0 0 0 0 t  t O ,  5 0 0 , 0 ? t o o  k o , - - ‘s o - 0 ’ ’

f i o o ’ ; ’ ’ t  — p o i n t  t o o - i ,  Each ;‘oo ou t oh - o o t  o t t  t , ’,o hi m s e l f , h o o t  So’’,’,; n o - - I  ‘‘von’ d o ’  ,.co !

The re or,’ a few l o t -  il 1 ,0 00’; o ’ v t ’n ’ ,- ; o ’  os s-I t o o ’ ’’ l b ’  ‘ o t t  t o t  t o - n o  i t ;  n ’ o o o - ’ ° o I m O , ’

t h a t  in t b o o ’  , ‘ o o t o o m n ; . “ ‘ ‘t o ’  x , t o o o ~ ’ l o - , I b o o - n o -  , o o ’ o ’ a onumbe n ’ of t - ;o ’o — o ’al  1 ° - b  - n i ’ ’ s o - , ’

tot - i t  i - o t t , ;  w h o ’ ’  ro ‘ l I t  ,‘ o o v ’ ’ 0 ’ ’. ; o ’~ o n ;  I 01’S is  it t n - n o ’ ?  0 I - - I O o ’ ’ 000 0 n - t O ‘ O S  - ‘ o 0000000 o_ ’O

o ’ , i r r i ‘ u ; . Th i s  - ‘ - t o o t ’ -  ‘ I ‘ n o i s , o l w , t ’ ,-s 0 b , r o o o i ~~I o I h o e  I ,  t I  P o u t ’ )  o ,  T o’bo- 1 1 0 , 0 0 0 , ’

- m o o - h  T C I O ’ o t n ’ i l o b ’ ,  ( l ’ ’I’ ’.’I’ ) wh o m to o t t  t I ’ ~ , t ’ ,’s o o o v o ’o ’ o oo n oo’ ’ , O o ; o  t ‘ - n . ‘ 5.  m I t 0 ,

7- ;
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only major country where the vltal communication nerves of 0 ‘,;~‘ .n - o o m o o t r - ;  ar e  i t ,

p r iva te  and commercial  , , a nmd s  —— and so f a n  it has proved L ’ , L t o , r .  The

problems of f au l t  isolation in these PT & T ’ s is more l en g t h y  aood d i f f i c u l t

than in the conus. Gett ing a circuit  i n i t i a ll y  br ougb ot  o t t o ,:, s er v i - :, ,’ is

a major administrative and time-consuming episode.

These U.S. Gateway station s are respoo’msible for services , but t hey

control only the single tech control interconuiection portion . l’r e s e n ti y

their job is impossible . Not surprisingly, the responsiveness of ; - o -r : o t ,ooo o o n - l

in these facilities is poor. These !ierooo tto’ o’,l have learned °,ho a t wi t b o 0 - b ; , -

facilities at their dispoSal t b o c y  have very little ef l’o oct on l it ’, ’ system .

Th ey quickly  become p0i r o~’ly react ive to t c ’ o m h l n ’ s  and , -, m ,;Iotoo,’r complaint o ; oO O o I

route and patch , , n o , o o o O o - ,I t roubles. °l ’ho-y  care l i t t l e  about f a u l t  i so la t ion

e ft ’o o r l o t  because they have no coontrol aruci little inf Umt-:o - ,’o ’ . Ok o n o ,000 I i ,  m n  
0

bos ses do more. Nevertheless , the tech t ’oo ootrols and 0 ‘ ‘Is’o - t  on 0000 , oo t o ° Is mu -  0

make or foor ’- ’ - otluers  to no ok , ’  t he  00, 1 s’o o r k , ;  p l a y  I -r oj o ’ ,”r ly .

The bas ic o - o o t o -  t of SY1°AC a, - o ;  ; ‘ l  i n t l  0 - -  - 0 , 0 ?  ‘S’S’, l o t  i on , ;  t o ’ , ‘ ‘~~~~
‘ t b , ,’

I’ m , ‘0 - t ha t  other j o ’ ,’ olo  i n -  a o t o t  o the r a ° ; o - t o o s  1cm must  ao ’cnoo n 0~ .’ I h o o t  t b  “ “ ‘ i n ‘ - t i c ”  -

mai n t o ’ t o a t o o ’ o -  , oo ’tio ns c o o t  hardware r’ o ’ ; ’ .i 0 n and t h a t  tboe t ; n ’  i ‘ i t o n o t - . s-i 11 t o , ’

r o ’ I - o t  ive ly  slow i nt ’ l t u o o r o - s l o o n s i v o ’  I - c r i ?  0 -  1 t o - - I ’ ’ . TI ’s o ’ O  o’o - , NY IA ’.’ no t o 0

accom p l i t - nh a l l  l I t , ’ c i n ’, ’ o u l t  a nd t o o t ; ,  o , ; , - 0  O , o o n n o , o o o , ’ o , o , ; on ’ so -  0” ’ ’ o 0~ n o  p o o r ’’ i ‘ 0

o l o ’ r l  b f o o ’  - ‘j u n  ‘ - r ’ - i - ’- . 000 0 0  0 0 0  p os smb o lo’ o h I o - n  o t o ’ l o ’ o ’ t o ’ o  - t O  0 , 0 0 0 5  , t ; - ~ . - , t r .  ‘ l I m o

will not ~o,ok,’ t h e  comm000 - - o u r  i t ’  move no- - n ’ ’  r~o ; 0 b l y ,  b o o t  , ‘ w i  1 1 roOt ’  ‘ 0

‘‘-mrri ’ ’r mo -o r , -  t u r n ’ - t o o t  t , ’m o m l b , i s o l , o t  io n h o o t - ‘ n  n o t  mc’ ’ -  t ’ ”°  m o o t , , ;  1 0  1 0 ~~t I ; )

id o m , ol b oo s of c o t  : 0  - ‘on’ r - , o - o  ‘,‘ o c t ’  . I t  t o - n  I Ii,’ tx j - ‘ , 0 - ‘ 0  t o o  — -s ‘ 0  V - C, -
’’

7— 0
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Precise measuremeuots w i l l  favorably move t h o u  commercial companic’o- -- they

rarely move except to customer compla in t s .  o ’ , I r c- ,ooi ’,’, at one , t , t o-s- 00v st ,~t ion

to Europe , the technique has worked . The over [;e000 , ‘ar r l e r had b oor

performance , but he denied it over a period of months .  The ,tatewav : 0 - u n i o n

made strip chart recordings on noise , signal , a n t - i  00- b o or  °l’I rol t l , o t ~~

parameters. In a meet ing  wi th  the Vice President  of ;Jh ’ o.r at i on s , t h o u  y t o o o o ’ t

m i l i t a r y  eng ineer who had made t im e recordings  proved h i s  conteo ’ot i ooos .

overseas VP f i n a l l y  took corrective act ion.

The Ai r  h” orcn n- and the DCS wi l l  h ave to too r c o n o o ; l y pursue  t ; t m - .n b ’o a measure

o n o , h  complain r’ ,’o o , u r n ; o ’  t r o l  l ,o s -e - , 1 by documented apn-ed of , ‘ ; o r ,’n’ o ’c - t iooo - o r  l a - k

of too; ‘ ; o o , cn  iveness

This 10 ,~ -, 0 t 0 ~ J to b o o ’  a d i f f i cu l t  co o o~- o ’ l o t ’ to sell  at f i n - st i - 0 - n b ,  I - . - t b , ,

Ai r I ‘ co rd ’ ’ aoid to t b ’ , -  common car r t on t O; . :-t o~’t t n ’ -o ’:b t , ’o t o  - i o ns , and n o -  U j u s t

o o , ’r v i  cc ’ personnel , do toot like n o -  huon t fo r  a ; ‘o ’ o o I - I  n -on’ ; w h i l e  0 I , , :  s”rv m o n o , ’ i s

‘;t i l l  ‘ acceptable ’ t o ”  t h or ’  subscrit . oo ’ r .  The rou t ion e  r o ’ ;  ,,o i r  i ; ;  - r o o , o c -h 0 0

t -  - fix onoc bo o ox and t b o o ’ o o  try the n o o - l  wt ,°r~: . I f  i t  no ’s works thin ’ 0 n , ’ o o b  - o

‘ ‘ : - ‘ b V o- , h ’ , even t b t o o ;o t ; b o i t  may f ou l  ,‘ mo l ,’ it t t  , t h t o o o ’ t 1 ’ - . i b ~ j ?  t o o - s  00 0 1 ’,’ ’ ’ ’ ; i ,t- ’ ,

t b o o - n ; , o t o , o I h i o ’ n ’  booox is I ix o al, ‘lIter ,’ is ron -I ,’,’ , if  eve n , a l, l ’cme I ix a I ° I ’ l O o - -b

o tt - I to ‘ ‘ t o o l so that a l l  equ u~~’ n n oo’oo t t t :  ; o r ’ o o ; o - t . , ‘ I I  t o - - I n ’ eo o t ; o ’ ,I  so-if j o -  n ’ t - - o - o o o a o o - ’o ’

, m , ; , - ’ - , ; ’ t O n o ’ n o ? o ’ o o n oo ’ o ’ ; ’ t  desc r u h o o ’  I uo od er I o - o - o , o m n a l s  t o r i  i t  m o m  t b t u s  I ‘ ‘ j o ’  n O  so  I I  - n o v

f I t , ’  n o - -s SYI’/’ oo ’ a O - l - r o o , m d h O  nouc’bn t ’ o m ; i o o o o ’ I  , bo o - f l , -  l ’ f l ,3 j oon  ; n - o h - b o n n , -  n o - n ,  - - ‘ o n , ? n ’

o f  I , ;  1 i k e l y I h o , , ’ t b ’ ’ ‘ 0 -  ro ’:o st’- h 0 t o t ; ’  1 h  i n th ic ,m n ‘ 0  W I l l  I- , f a b u n o o t  oo

o o I  b o o - t w o , ; o ’  record i ng I n o - - S o l o - n ; , ‘ t ’ h o o o - ;  l o :, n i t t ’ t a o o , - o nt ’’w ’so I I  1 ,  i t - b ’  0 - I t : ’ ,

box 0 , o  I t o , , - , j - o  ‘ o n; b o o b o o ’ ’’ , I - i ’ 0 0 0 0 w  0 0 0 ’ ’ 10 0 ’ ’  I - - n ’ ’ ;o’ n v t - ’ o - , o ~‘b ~ - t ‘
0 ? ou t  0 h o , ’  - ‘ n --t o ; ’  h - m - , ; o -  ;n ’.ooo ’ ,’o, t i n  oh 0 -  t I ,  o r  ( t o n  ‘ 0 o ’ ’ ‘ 1 - 0 0 ‘ ‘ O  rn , no ‘‘ ‘ t o ’  - t o  0 -

_ _  -—
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~- t e a t t w I o 1  1~~’ t Ime  ccmstomer service m ”,ooouins at least a c - c o t  o h - I ’ , , tle~~t o,’rsonne l,

inertia can be b\’; ’aoo oo r-d by t I; i a ,‘Io ,’ior cojcbo . The occurao’,ce of c~m~ O C t  0 0  ,‘ oo,00 ’ o - ,

will be classed as “Red” , whilu tie i o o 4 t l c j t l 0 0 0 t ;  or flo~~ioi n ’mcj of thou ,,;n n , ‘ t , o t o j d

performance meter  will be classed as “ Amber ” . The m i l i t a r y  and tOO t of

industry is cond i t ioned to rc’~~~ - o ; t o b  - - or r o , c t  1’,’ to these t o n i  co t l o r

categories. Obviously thoese problems would to easi’,-,r tc’ ,,ob 0 b r o - S s  i f  t o , ’ ,,

commercial world were to accept automated assessmenot also .

A s ta tement  was made earl ier  that gatewa y tech control, ;  c a 0 0 0 o c ; t

performance assess t h o n -  commercial  backbone st r u c Iu r , ’ . ‘ I b i s  is t r u e  in  t i m ’ , -

context of backbone m a tma cj em e n t  c a lo ah i  l i t y  exo ,’r c i s o - ’d io o t b ’ ,- coven ’ o - ’ ,,’ ,m ct ar o , - a o -; ,

However , in a loot,- 50,- o ct ,ol way , Ito the sense of seeing ~~h oo ‘ 1; ’  t t b ’ , ’  b - at ,’kh- ,’o, ,

structure is beinoc; managed , it coo n be 5,oo ,o ’- . The to i c - i  .‘ : - - o . o  cnng ’ao ’t i o ’s ,oro- tool

happy w i th  the app roach but  t l o e r o ’  is no lo ’o ;a , l i r n l o o - , i m r n 0 0 0 t  a o o d  si

problem to measuring t h o o n  ci r , ’u u t Io ,ora0000 t or - - On t o , 0 0 ; o  , , i 0- t o o -  t o - i  r ’j t o o t  t o ’ , ;

nece s sa ry .  Signal  i n - ’,’ , ’ 1 , 0 0 0 1 , -on I o ’v~’ I , job oatte j i t  I ‘ t , i n; - o m  l s’,” 00 r o e , , 0 0 ’ a o o ’, ’

otb’mer measourement -jot I ’ - ’ ’  m o - h e  , o I  1:1,,- phone i n t o ’ r f_ o , ,’o - , I t  i s  to o t t n ,O ~~’l  i c j l

to mak ’,n these 0000 ’j : , ’ O l ’ c n t t o - O o O  coa l, t~~ l o , - ; o b o o t t o ’ , iou? a ~‘0 ’00 ? n ’j l  m en u t 0 1 1 0

f o c i l i t n y i t  g a i o ’ w . m ’ ,’ st,,l n - t o o , , 0 : 0 0 0  work wit - h ma Nor t o o t , ’ , ;  0 , 0  - - s o ’; , ; ‘ , , f  i o o o s

o o V ’- n ’ S , ’ a o o  t o o  moni l-or 1 0 , , ‘ ‘ o o O t o , i l t  0 0 0 0 o  , i o t o l  t n - en ’m t l  cob ’ C o o - - u i? l ’o ’’,’i ’n 0 0 0 . 0 0  ‘0’ ~
‘- , 0 t ,  ,:no o ’ t o ’ t  s .

The - ; o t ’ ’w~’t ’,’ :5 , 0 0  0, 0 0 t o : o 0 : 0 0 ,  n I t - t o ,,‘O o O t b t O o ’ ?  oneasuo ’ , ’ m o ’ o l - - W I ’ H t ’ ~ o ’,’ , m n o , - ’

communi ; ’ , o l  n o t  ‘tn t - n , ’ o t t  0 , 0 0 0 5  i o u  I b o o ’ H I  i t  o s ’ —  ‘ , ‘ n o - t i  I y I t o o t - ’ - s’ - t u b - b  I ’ ’ ’ h o o , ; ’ - , ,

The b o m : - ; t - - o ’ .’ o h c o o ’- ‘ t o o ’ i - n  t o o n ’n n a t o ’  o - , I t ,  00 ’ 0 1 1 1 0 0  i b n - t o o ’  n o t  , ‘ .~~ ‘ o t - m  l m t ° ~’ , ,‘ i m o o l t t o

0 - r e t o o l  0 1  I - - o n ,  l o t ’ m o n t j O , I t n ’ - o t , o ;yl ’A, :  ,o i o;o 0 , 1 0 0  h o , ’  o i n ; o ’, h  I n  t o n - t o m ’ o m o o - h  - n t  n n’n o ’ , -

- i - ; : ; - us Ib m ,,, ; , ’ - ‘ u n - - t o i l : ;  c o o  : o - o ’ ,’ o c o -  t I o , j ?  . 0 0 ’ ’ ’  -m oo ’’ - I j o  o t o o , m o t l ’,’ 0 0 0  o x - - It, ‘ t ’ _ ’ o - l ’ ,’ - ‘ t o

- -  -
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base , such as d O t o t  ~~o l  and voice c i r c u i t s  for  Air  T r o t  f i c  Control  a n , o u

Il-i v to ,;Ootior; Aid , the c i rcu i t s  used t-o,otwe eio n’ - o tn o; o o n o - t ’ t ’ , between c o o t o o n o u t o i n , ;  a n t

t l o o ’ ir  remote te rmina ls, n ’ t c ,  These c i r c u it s  S I , i t ?  an od s to lo  at Au r Force

usc-is  so a r -  c - - o t t o  l o t  o ’ lv  o, ’ 0,’, ’ t - s i b l e  to meason’ -:c ; , - o , ’ “ t o t h r  ?ls, cotlo- p la n t is

o~~r ’0 .’ 0,’0,’ 0 t 0 0 t ~~
’
~~ 0 t  ~‘n oo-- ’h or 0 -  - , 0 o ~’o~t

T b o - o ~~, SYPA C will give t h e  ,oor ,ooo general c i r c u i t  o o o - i  signal ocsessmcn,t

as SYPAC b o r o n  overseas. The ;,‘,orr o:l ,-o t ico n ; with t i m , ’  backbone s t t uc t ;o r ’e 0 0 0 j - u ’ o

may not ho’ ava i l ab le , hu t d O t  0 2 l l o d t t 0 0 0 0  of many d’m t t ’i c ul , t l o ,- , - will still in ,-

possible.



0,0 1 1 1  SYPAC Eto oj it a l  -

ayo tto ’-tto i - ’ ? l ’c’r’m~ no - o - A s s oo s s f i o o nt  and t ;oo ’, n ,o ’ o i It o ; r j o o c ’ 0 ; - I c  is tOo, S~0tT0’,,

~~~
- thou t  i’c~;so ’ I to t ime t yp e  of sys t ’, ’o :o ,  Everyone  si m on ,  0 0 0  t ak e -no  cou rs e - s  :: ot ,

Controls  knows the simple block do,m’;r,,o,oto e lemermts  b ; ’ not cb oa o o ’~e no ’ - m a t  t en

what device is controlled . In a control ioop, there nu ot ,il ’,on , ovo ; i,- ’,

dev ices  to sense the cn om , ,I i t ion to be c on t r o ; 1 1 ; ’b .  ,;s :ourn~~n , - ,’ l b , 0  ‘ n :,’, eenotcoro ;

a n t S t H,; associated feedback loop includinog the controller are n - n  u t i r n u t i n~

fac to r  in t-o l ,ooed or bat o- ,-Iw t ,dth , the- cont rol b r  n o ,  ; - r i n t : n i ; o l o  coo t ,  c o o o t n ’oI any

s’,- t, tem . tool is , an a i r c r a f t  , , ;m t o p i l ot  0_ a ,’- ;- -, , n o t , r ,o o mo t ono l y o t t  ~o i u i - ionic

m o  f l i q h o t  , but on -mo o ‘o lso boo used f o o t ’  con t ro l  of any  ono a o n - b ; i n m u r i ’  w b o e r o ,- an g u l , o o ’

d i s ; : l acem c ’n o t u  are to be - ‘I ’o o b o i l i z e o i , and a num h on- r of e x o t o o ; - b o ~ t ; c o x i , ; t  , Tho r ’, ’

is an o e x , o o n t  n - o r a l  le l i s m  in  the case of H ’t’l A , ’ . T h u ’ ,  o , , m o ,  0 - :  b o ’ , o , o  t of th e  - , ‘ t , n n t t  t o - i

, ; t t o ,o c t - o r o o  L :~o a ; I i o ; L I , , o l - “ “0tto}- u L E - r a , o , h it s  spo_ o o ,,J m t  I - ,: , , o : l i o,v is f i n  o no o ,or , -  0 , 0 0 , 0 0 ,

I t  t o  - - b _ - n  t o - u - h o e  c’ o o o t r o , b tot -o , , ‘, : ‘ u o n o o u n e  as ro
,,

-l, uI nec- i ’; s-how ~b m , i n , c ~ ; n u n ~ ,o ,-

a ,‘ - flTh1 , 0 0 o d O ’ 0 0 ) 0 ,  - ; t t  ‘ -n ”- , ° l°T t e t’ -m t -- i - ’ c000 l- o , - ’, l , ”’ - : - -) 0 0  0 oo on to- I , on -t  I b e

Sco t ‘WOt’, ’  0 0 0 0
,
0 b oo’ st i l t o’fl t,o m,’et at,°,’ n’ ”- Iu l c - , - m o - n I  t i m , , ’  ca no b - b , - s c r , b  - ‘ - ‘I ,
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control. The computer still receives direct digital inputs as it d id in its

f i r st application, but the DC and AC electrical signals have to be di gitized

prior to acceptance by the computer.

Most people refer to the communications signals traversing the tech

controls of the Air Force as analog. By this they mean a special class of

signals unique to FDM-FM structures. While the statement is true, it has

an erroneous implication. To illustrate this point consider that the 60 Hz

power that appears in every home is 60 Hz but it is also analog -- continuous .

No one refers to the analog house power as though it were a special class

of signal . When one has a f lashlight the battery power is also analog ,

continuous , but everyons refers to this as DC power. All of the signals that

appear in tech control are either AC or DC. Some of the signals are

discontinuous AC , some are discontinuous DC, and so are not really analog

except within certain time f rames.

The above paragraph is not profound but is intended to show a confusion

among a number of communication managers and technicians. That confusion

is evidenced by the f r equen tly voiced observation that ATEC is an analog

measurement device ani so is not suitable for the so—called digital

environment. As was pointed out earlier , the ATE C was not originally

designed for analog applications , but was designed for the digital world and

has most of its relatives still working in fully digital applications . When

the ATEC computer was inserted in the AC signal wor ld , spec ial  samplcr ;

converting AC to digital format had to be provided , alnnq with some DC t o

l o j i t a ~ signal ; unp1~~~ ; . No on e thought  that strange . The csm}~nt ‘r was
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programmed independently to process the sequence of AC or DC digitized samples

to give the appropriate outputs. In the so-called di gital world where

the voice and data terminals are digitally coded and multiplexed to form a

high speed pulsating DC or square wave AC signal, the communication manager

and technician believes he sees a whole new world. In fact he refers to the

square wave AC signal not in hertz , but in bits per second. He sees no AC

signal but only a ‘dig ital bit stream , yet the signal is identical with a

highly limited or clipped analog sine wave, existing all through the present

analog communication world. These people who confuse AC and dig ital signals

are not really addressing technical basics, rather they are thinking in terms

of the technologies that are routinely or normally used to process each class

of signal. Those who have worked on FM radios will recall that the normal

discriminator works from the highly limited 70 MHz IF signal -- a 70

megabit signal is processed by the receiver . Yet this is clearly an analog

radio. In one receiver the analog discriminator was replaced with a high

speed analog-to-digital converter and fed directly to a digital computer for

processing . The 70 MHz signal was the same in both cases, only the converter

changed. Thus, from a basic technology standpoint, once the decision ha s

been made to process the data in a digital computer , the only question is to

select appropriate parameters and to find ways to sense these phenomena.

In the case of communications systems the phenomena include AC , DC, and

clipped AC or digital signals. This sensing question is independent of

FDM-FM , or TDM-F’M structure. AFCS lead the effort the define and standarhzc

the requisite FDM parameters. An identical effort will have to be pursued in

the jiM structure .

8-3
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ATEC presently has AC and DC—to—digital converters that sample the

signals of interest and provide a digital signal to the computer. In the

‘digital’ world the AC, DC , and clipped AC signals will be sampled and

converted to digital format for provision to the ccluputer.

The issue then is not how will SYPAC handle the ‘digital DCS . That

is a trivial question. The real question is what parameters should be

measured, or what measurements truly assess the performance of the ‘di gital

structure ’.

In the case of the actual audio signals traversing the tech control , the

signals are all analog regardless of whether the signal arrived over a FDM or

a TDM structure, and all signal assessments are the same. The performance

assessments made on an idle channel in both FDM and TDM are the same in

some cases such as delay distortion and give an identical parametric

feature. The measurement of idle channel noise is the same in procedure

but give quite different parametric results. Idle channel noise in

FDM is a measure of distortion , in termodula tion , poor RF signal levels, and

cable induced noise. In the TDM world idle channel noise is a measure of

hardware generated noise, poor RF signal levels, lack of synchroniza tion of

the mul tiplex and cable induced noise. Thus channel results in FDM and TDM

are basically similar but different in detail.

Digital baseband and higher order transmission measurements are quite

dissimilar.

Figure 8-1 is well known to all personnel who are familiar with

communica tion theory. The f igure shows the severa l key features that must

be understood if true system performance is to h’ achieved and it proper
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design criteria are to be observed. Performance is plotted on the

vertical axis and degradation is plotted on the horizontal axis. The

figure shows that a digital structure gives ‘good ’ performance at

conditions of no degrada tion , as indicated at Section ‘A ’. At Section

‘B’ , the PDM structure still gives ‘good’ performance even though link the

degradation is approximately 25 db. Even at point ‘C’ where the deterioration

is about 35 db , the performance has shown barely perceptible degradation

but is still ‘good ’ . At Section D’ there is no performance at all. The

slight additional degradation has changed performance from ‘good ’ to none.

The FDM performance is quite different. At Section A’ the performance

• is excellent. At Section ‘B’ the FDM performance has fallen 25 db and is

just good. At ‘C’ the performance is quite degraded . At ‘D’ the performance

is on ly slightly worse than ‘C’ , but is still operational for some non-
a

demanding services such as teletype and voice. Tints figure was n~~ intended

to highl ight the relative merits of FDM vs PCM or other dig ital form ,

but rather to focus attention on a major point routinely missed by personnel

not familiar with the practical facts of life of all electronic devices --

and specif ically including all digital assemblies. All electronic components

have a drift with time, sometimes it is slow , sometimes it is fast , thus

whether analog or dig ital, there will be a need to assess the performance

of the hardware and to detect degradation , i f  ab rup t  dig it •~l I iiIu ~ i~ t

be avoided .

There is also another  class of problems i n h e r e n t  w ith ill d i g i t a l

le v i  ~~~~~~ and t he deqradat  ions so • •~;o -  i ated  •i ro c um i i l  a t  i v~ •~~i l  lower t l i t ’
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performance. When a pulse is generated in any device it is supposedly

approximately square , al though in reality it is distor ted. This

distortion is further aggravated by impedance mismatches and fortuitous

circuit capacitance and inductance . The distort ion sum is always

significant, and quite enough to move a normal operating point toward

‘B’. For example, in a large computer (a digi tal device) of some renown

a check of the bit stream at an interface point between the central

processor and a drum memory di sclosed tha t the supposed squa re shape was

highly distorted. When the timing was moved to the correct timing point

the computer could be made to sample correctly, but the slightest jitter,

extraneous noise, or minute component shift would cause an error . In this

case the operating portion of the computer was at ‘C’ all the time and it

was new.

This practical phenomenon can be applied in the same way to the backbone

struc ture . A des ign performance degradation margin of about 40 db is usual

on a radio link . If the digital structure e~~ o ’ i~i t , ’ d  w i t h  t h e  link i s

permitted to degrade 15 dB, ~nd this is not an unusual amount f o r  t he  DCS,

there is no measureable bit error rate increase as far as the r in ~;t 5r s’r is

concerned , and t h i s  is good . Th is is , however , bad from a system m a in t e n a nc e

s tandpoint .  As a r a i n  s torm move t .hrouq h t i n e  p ropagat ion }a i i , t l i t ’

d e t e r i o r a t i o n  due to t in e  r a i n  i ~ r o u t i n e l y  l 0 — l ~ IIB a t  8 11z. Tine j L ’vc

l i n k  would s t i l l  p l ay  hut . would r et a i n  no 1te rforrr ~ n 1ce m an q in i  . Then e •nre

r a i n  storms , however , tha t l ive I t 1 , ~~~~i t  i s n i  los ses ci 2 —  h i )  d i ) , n u t  on

occasions .‘x ’ed h5 dH I n  ; ‘v  ‘ n i  I m l  n u t  en a nt i  t i n e  l i n k  w i n  h i  i i  I . The
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maintainer would report the outage as ‘propa gation ’. The real reason of

course should be poor maintenance. Present day digital equipment g ives the

maintainer no way to test or assess his equipment except out-of-service , and

the customer and maintenance detect the problems at the same time. This is

unlike the FDM would .

It is clear by examination of Figure 8—1 that if 35 dB, 1 to 5 minute

ra in losses can be expected on occasions, and if the link has been properly

designed to the standard 40 dB fade margin , that 5 dB degradation is all

that can be permitted on the digital hardware. This is a reasonable number,

and is the same deterioration margin standard being used in the field for

FDM .

An idea was first proposed by the author and first reduced to practice

by the National Security Agency, whereby for the first time a measure of

px edictabilit’~ was achieved in digital radio link failure assessment . Later

developments by the PFCS digital test bed and by the Raytheon Co. gave

excellent predictive results.W The i r e d i ct i o n  i s  accomplished by a b it

detection device identical to the one used in the mission radio equipment ,

and operated in parallel with the mission bit stream . The special detector

can be stressed by adding noise, offsetting the timing or the threshold , or

by introducing other suitable degradation. This stress may be imposed t o

any disirol intensity. If the special bit detector is unstrenn i , th e b i t n

n r c  produced a t  an identica l error rate in both tine mission and ni cci n I

det tor cha nn is .  If  t h e  spei - i i l  detec to r  is s tr e s se d , i t ! ;  b i t  error r i t c

h i j ;1~) w ill h,u Iii thi t ’n t h i n s  t hi m i s s i on  j t t ’cton liv au am()uult relat 1 to the

( 1) PCS fl ie r ot  n u i j i  h ’ t !; t  and [~va i t n a t i o n  ci 1 I ~~ t: h u 1 t n s  i t , n 1 . t . 7~~,
I I )  1’ ’  •t  M o l t ’ H i t  H ‘ b c  r t
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stress. The degree of predictability can be expressed in several ways. The

one selected by AFCS is to stress the special detector and note the stressed

ber, for example io
_2
. Then the receive signal level is attenuated Until the

mission bit error rate is 10
2
. The degree of HF attenuation required is the

prediction factor in dB. The ARCS special detector has demonstrated 30 to

35 dB predictability . (1000 to 3160 times). In practice , the pre d i c t a b i l i ty

curve is known so that it is not necessary to attenuate the signal level. The

10 stressed ber is known to be equivalent to about io
22 

mission stream

ber and also equal to 20 dB predictability . If the original stress required

to produce 10 stressed ber were to change from 20 dB to only 10 dB , it would

mean that 10 dB degradation had accured. The mission channel ber would have

— ‘2 — l ’
fallen from 10 to about 10 -

. The change would be undetectable as far

as the customer is concerned , and also unmeasurable in practice by the

operator or maintainer . Nevertheless , the 10 dB system decay is real and can

be easily measured by the stressed ber special detector.

However , this prediction detector is only one step . It is inserted at one

point in the site , and it gives an alert when the cumulative degradation from

the path and hardware passes a threshold. These effects include q u iun~

delay, radio and path nonlinearities , poor HF signal streniqth , h in i st jitt e r ,

etc . To date , however , there are few supporting measurements that in i t h j  in

total system assessment fault isolation and control.

In the FOM world more than n i n e  years work found t h a t  e iq ht  it an  aun t ‘ n

were good and s i n f f i c  i en t  parameters to assess l i i i ’  t M - t O M  backbone ‘ . t i n  l i i i , ’ .

and the in te r re  l a t  iensh ip among t hose h u r i m I ’ t u r n  i u; m it t t t o t .  I t s ’  i t

8_i)
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additional sets of additional parameters needed to ascer ta in  the performance

of each network. The commercial TDM world in general has not yet even

recogn ized the need for performance assessment , and little in the way of

e f f o r t  is underway to even investigate the problem.

The sensors that the commercial world use to control their structures

are nearly restricted to the clear failure mode identifiers , such as multiplex

loss of synchronization , loss of bit integrity in the bit stream as the

customer sees it, or when the receive signal drops , all these are alarmed .

The alarms may also be wired to switch equipment stacks, if associated with

a radio or a mu l t ip lex , etc . All  this  minimizes the outage , but an outage

there is. It may be short , i t  may be extended , but in any case , ox -opt t u e

RSL induced radio stack transfer, bit  in tegr i ty  is lost , but t hen the

commercial wor ld on ly a t tempts  to provide 95% overa l l  ;;& ‘rv i c c.  The Air  I orce

and DOD cannot expect to use the lower grade hardware than the commercial

companies and these same ‘ alarm only ’ failure alerts , and achieve 99~~9~~%

service worldwide. No rhetoric , however impassioned or honestly conceived ,

can change these facts.

There is much work yet to be done on hardware , box , assembly, si t t and

link performance assessment helen ’ the service reliability of a i i i i t a l

structure can over an extended t ime period match that of a well runt h ’ O M - I M

s t r u c t u r e  properly s en u e i l  and managed . The key item is that the M V I A C

approach is e x a c t l y  at home t4 j t h  e i t h o r  i mud  cant process e i t h e r  l i t  a wh i t t u e v o m

the  good and n u t  in  i v n n t  pa ramet er s  t u e  den ’ived

h ) - ’  10
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I X .  SYPAC Implementation m ite the DCS

I t  is always una s su i l able log ic to consider c~~r c f u ly t i n e  manne r of

nccctinplishxnent oh’ all  changes to the system . SYPAC obviously is no except  ion

and i t  must be done well , but for d i f f e r e n t  reasons. SYPAC w i l l  not d i s rup t

t ine  se rvice.  Rather , the care anid sequence required in the inutroduct ion oh

SYPAC is to maximize the system assessment and control capability for the

amount invested . This means that each step in the conversion must  be wcl l

thought out , and efficiently and effectively implemented complete with the

requisite hardware , software , organizational , and management changes. This

oeauus that  a l l  facets of the issue must be examined . All steps including

the production funding , the installation drawing s, the installation u and test

the operational t ra in ing , the res t ruc tur ing  of the  O&M o r g a n i z i t i e n i , the

r e fo rmula t ing  of the report ing hierarchy and the re— educa t ion  of t : ; t  ( . ~.M

and )CA managers to use the SYPAC outputs .  The c r ea t ion  of the assessment

and control mechanism for the networks is completel y dependent upo n r e f l e c t i o n

of a l l  of the  above ‘ emm et t s into t ine  necessary  hardware spec i f  m a t  ions  and thit ’

re t  r e f i t  it exist m g  hardware w i t h  long expected operational l i f e , to

i n t  i n  t l ~~ t w i t h  t lit new 0\’h ’tu ‘ framework. No one can possibly bel i eve t h a t

the above nt , i .  i m v  h i ’  i t;  is ti n ’ iju i nk  ly even from a p u r e l y  t e n t n i  t c a l

;;t u m i l p t n n t  . whi t  0 i i  n o m n s i . h t ’ n n t  1 5 1 ; t i e  •n ldt ’d , the to t a l  t i m e

becomes q~ itt t ‘)( t t t t l t ~ i • ‘I tS ’! t i n u  z n  ion until management  i Sen t ia , t i n t  l i - t i n t  nq

a m i l  t i - i n  j u s t ~ ‘t ’ m  i t . ! ;  t i  m h b i , ’n  ,X ~~t ’ i i i  t h u t  t ime cycle.

r t  , t t f l j ,  t i n t ’  n ‘ , I ’ ; i t i i i t ’ I (  i i  h r  i i i  t i l t  0 Y I ’ A ~’ l m i i t m t n t l t  n ’ n  ovu m i t

l i i ’ ;  t 10 y t i  n ; n u t  i t  I ;  gun t u ’  l i k e l y  w n t h l i i i ’ pm us ;  t e l n e t ;  t ci t in ’ m i I t i i  y

i ; u n d ’ t u ’ t , t i i t ’ lii i I , t t m i v , r s i t~ n t i n  n e i l  s i l l  t ik e 1’’ years.
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The first major element of SYPAC to be installed must  be , of course ,

that element of the total SYPAC structure that automates the performance

assessment functions that must be performed in and around major switch tech

control nodes. SYPAC will automate much of what is now being accomplished

in tech control , but the tentacles of these measurements extend much beyond

tech control . Much of the manual activity and the manipulation now wide-

spread need not be done in amy well—ordered and instrumented communications

environment . To emphasize -- SYPAC does not automate tech controls It

does automate those measurements that should be made in the switch tech control

node and many maintenance measurements. Further , many older tech controls

will have to be brought up to date to permit installation of the sensing

hardware.

The first installation of the performance sensing devices will be at

ma jor nodes , that is major HF link hubs collocated with switch sites. It

is far more important from both the O&M and DCA standpoint to cover al l

switch/major nodes in an area than to saturate a small portion of the area ,

concentrating on all radio sites and locations. Obviously concomitantly

with the f i rs t  major node SYPAC installa tion will  be construction of a

viable orderwire structure to replace the poorly conceived and implemented

orderwire structure , among the ma jor node s.

The second major step in SYPAC implementation will be the installation

of the Group/Region/Facility Control Subsystem. This is tue SYPAC e l e m e n t

that starts to address system factors , and network matters in an effective

matter. The orderwire — —  command control -— s t ui n -t tnr e must be expanded to

incorporate these added inter-changes.
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The third major  ~tor t ion is the t ie  together of al l  Group reg ion elements

and the interconnection to the Area —- both O&M and DCA . This step may not

require a SATEC hardware element , but may be satisfied by interconnection

to one of the exis t ing computer d i r e c t l y  or through an i n t e r f a c i n g  processor .

The fourth step is to f i l l  in the voids between t h e  major  switch tech

control nodes, to provide additional fault isolation information for the

O&M agencies. This fourth step clearly provides the least return on the

investment from a system performance and control stand po int .  Added SYPAC

sensors to permit unmanned sites may be more cost effective and in those

cases may be elevated in priority . The first and second prioriti es , however ,

are far and away the most important stei n in the first few SYPAC year;;.

The SYPAC final software will require a long time t i  levclop fully. rho

fu l l  complement of sensing, manipula t ing ,  a n a l y z i n g , r epor t i ng ,  e t c . ,  concepts

wi l l  be an evolut ionary procedure. Fu r the r , par ts of the sof twa r e wi ll  have t ’

be time phased with the plant-in—place hardware de v elopmen t , m o d e r n i z a t i o n ,

and modification to meet the future military operat ionual needs and to i n t  eqr  i t t

into SYPAC. A broad time phased SYPAC implementation schedule is given in

Fig . 9-1.

9-3
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METRIC SYSTEM

BASE UNITS ;
Quantity i ntl SI Symbol Formula

lengt h moire mmass ki ltugrain kgtime sect igid
electric current ampere At hermodynamic temperature kui i vt n K
amount of substance mut lu’ miii
luminous intensity cande la cd

SUPPLEMENTARY UNITS:
plane angle radian redso lid angie steradian sr

DERIVED UNi rS~
Accelerat ion metre per smt ind squared ms
act iv ity (of a radioactive source( disintegration per second hd isunit eg iat ion)sangular acceleration radian per srn t t t d squared rad;s
angular ve locity radian per su-t ’ttnd red sarea suiuare moire mdensity kiiogram per t ubii nnetru’ kg ni
electric capacitance farad t ’ A n Yelectrical conduitant;e Siemens
electri c Ii~ld strength s il l  per metre V iii
u h u t t n t  inductance henry ti V s  At . h , t . t nu t potential difference vi ,ht V W Aibm tnt - resistance ohm V Aelectromotive force volt V W Aenergy joule I Nm
entropy joule per kiln it ( Kforce newton N k g rmc strequency hertz liz (cvi he) silluminance us Iii Im niluminance candela per square metre (dun
luminous flux lumen Im cd sr
magnetic field strength ampere per metre A-rn
magnetic flux weber Wb V s
magnetic flux density iesla I Wtxmmagnetomotivu f un u ampere A
power wait ispressure past e l Pa Nm
quantity it t elm t n t  itt ’ i t tu Itirrib ( A siju iant tv if heat p i t t i  Ii I N m
ra i l ta u t i ntensit~ wat t  per s lura t i a ii W srspi t fit heat joul e per ku l u grant kelvin (
sl r ,ss past al t~e Nm
iii, rmeu i t utnduu t v im y watt t i n  mit ru i i  it W rn K

i t s  metre per set tu nn it
u s m i i i  dynam it past il s,~ u n i t  Pit s

‘is u n i t 5  - k inen nat ut ct luar , metre t ier l ist  nt
voltage v tul t \‘ Vu ’ A
volume i di i i  noire mu
wave number nv  i pnttu ;al ruietr, I wtu s ut ( ni
witnin j o ule I N’tmi

SI PREFIXE S~

M nut ’ i 1 t h i u  t t t i t f l  t a t  t ti rs t’ n,,fts ‘0 Symbo l
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1 OttO (too I te rnti ’ge Pd
1100 t uO k i lt
lu st t t o h.’u it •

l i i  j u t  t lutka t ie
t ) t lii ‘I,,

ii U t  i t t u’rit i
ii iii ) t t i  ‘ r ui i lll nu t

ii iiOO 001 ii i  • mmiii i i i  Ia
ii Ohi tt uiii t i tiO l i i i  ‘ nuinu, fl
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MISSION
of

Rome Air Dcvelopment Center

PALX ~l lar.s and conducts research , exploratory and advanced
development programs zn command, control , and communications

~ (Ci) activ ties , and in the C3 areas of informatior~ sciences
and intel l i~,er ce . The principal technical rn.ission areas
are communii.at~ onS , electromagnetic guidance and control ,
surveilla:,ce of yuround and aerospace objects, intelligence
data COlacC tIOfl and handling, information system technology,

~iu ionospheric propagation , solid state sciences , microwave

~~ physics and electronic reliabllitg, maintainability and
compatibilit ’..
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